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APPARATUS, SYSTEM AND METHOD OF
SOUND CONTROL

CROSS-REFERENCE

This application claims the benefit of and priority from
U.S. Provisional Patent Application No. 62/788,868, entitled
“APPARATUS, SYSTEM AND METHOD OF SOUND
CONTROL”, filed Jan. 6, 2019, the entire disclosure of
which is incorporated herein by reference.

TECHNICAL FIELD

Embodiments described herein generally relate to sound
control.

BACKGROUND

There may be many multi-sound environments, for
example, a train, a bus, an airplane, and the like, in which
several users may generate and/or listen to multiple different
sounds.

In such multi-sound environments, a user may be dis-
turbed by sounds of one or more other user.

BRIEF DESCRIPTION OF THE DRAWINGS

For simplicity and clarity of illustration, elements shown
in the figures have not necessarily been drawn to scale. For
example, the dimensions of some of the elements may be
exaggerated relative to other elements for clarity of presen-
tation.

Furthermore, reference numerals may be repeated among
the figures to indicate corresponding or analogous elements.
The figures are listed below.

FIG. 1 is a schematic block diagram illustration of a sound
control system, in accordance with some demonstrative
embodiments.

FIG. 2 is a schematic illustration of a deployment scheme
of components of the sound control system, in accordance
with some demonstrative embodiments.

FIG. 3 is a schematic block diagram illustration of a
controller, in accordance with some demonstrative embodi-
ments.

FIG. 4A is a schematic illustration of an array of loud-
speakers deployed to control sound in a plurality of sound
control zones, in accordance with some demonstrative
embodiments.

FIG. 4B is a schematic illustration of an array of loud-
speakers deployed to control sound in a plurality of sound
control zones, in accordance with some demonstrative
embodiments.

FIG. 5 is a schematic illustration of a deployment scheme
of'a sound control system, in accordance with some demon-
strative embodiments.

FIG. 6 is a schematic illustration of a deployment scheme
of components of a sound control system, in accordance
with some demonstrative embodiments.

FIG. 7 is a schematic illustration of a deployment scheme
of components of a sound control system, in accordance
with some demonstrative embodiments.

FIG. 8 is a schematic illustration of a deployment scheme
of components of a sound control system, in accordance
with some demonstrative embodiments.

FIG. 9 is a schematic illustration of a deployment scheme
of components of a sound control system, in accordance
with some demonstrative embodiments.
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2

FIG. 10 is a schematic illustration of a controller, in
accordance with some demonstrative embodiments.

FIG. 11 is a schematic illustration of a frequency selector,
in accordance with some demonstrative embodiments.

FIG. 12 is a schematic illustration of a Speaker Transfer
Function (STF) adapter, in accordance with some demon-
strative embodiments.

FIG. 13 is a schematic illustration of a sound control
pattern generator, in accordance with some demonstrative
embodiments.

FIG. 14 is a schematic illustration of a vehicle, in accor-
dance with some demonstrative embodiments.

FIG. 15 is a schematic illustration of a controller includ-
ing an Active Noise Control (ANC) mechanism, in accor-
dance with some demonstrative embodiments.

FIG. 16 is a schematic flow-chart illustration of a method
of sound control, in accordance with some demonstrative
embodiments.

FIG. 17 is a schematic illustration of a product, in
accordance with some demonstrative embodiments.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth in order to provide a thorough under-
standing of some embodiments. However, it will be under-
stood by persons of ordinary skill in the art that some
embodiments may be practiced without these specific
details. In other instances, well-known methods, procedures,
components, units and/or circuits have not been described in
detail so as not to obscure the discussion.

Discussions herein utilizing terms such as, for example,
“processing”, “computing”, “calculating”, “determining”,
“establishing”, “analyzing”, “checking”, or the like, may
refer to operation(s) and/or process(es) of a computer, a
computing platform, a computing system, or other electronic
computing device, that manipulate and/or transform data
represented as physical (e.g., electronic) quantities within
the computer’s registers and/or memories into other data
similarly represented as physical quantities within the com-
puter’s registers and/or memories or other information stor-
age medium that may store instructions to perform opera-
tions and/or processes.

The terms “plurality” and “a plurality” as used herein
include, for example, “multiple” or “two or more”. For
example, “a plurality of items” includes two or more items.

Some portions of the following detailed description are
presented in terms of algorithms and symbolic representa-
tions of operations on data bits or binary digital signals
within a computer memory. These algorithmic descriptions
and representations may be the techniques used by those
skilled in the data processing arts to convey the substance of
their work to others skilled in the art.

An algorithm is here, and generally, considered to be a
self-consistent sequence of acts or operations leading to a
desired result. These include physical manipulations of
physical quantities. Usually, though not necessarily, these
quantities take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared,
and otherwise manipulated. It has proven convenient at
times, principally for reasons of common usage, to refer to
these signals as bits, values, elements, symbols, characters,
terms, numbers or the like. It should be understood, how-
ever, that all of these and similar terms are to be associated
with the appropriate physical quantities and are merely
convenient labels applied to these quantities.
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Some demonstrative embodiments include systems and
methods, which may be efficiently implemented for control-
ling sound, for example, within a predefined area and/or a
zone, e.g., as described below.

Some demonstrative embodiments may include methods
and/or systems configured to control sound within at least
one personal sound zone (also referred to as “Personal
Sound Bubble (PSB)”), e.g., as described below.

In some demonstrative embodiments, a sound control
system (also referred to as a “PSB system”) may be con-
figured to produce a sound control pattern, which may be
based on at least one audio input, for example, such that at
least one personal sound zone, may be created based on the
audio input.

In some demonstrative embodiments, the sound control
system may be configured to control sound within at least
one predefined location, area or zone, e.g., at least one PSB,
for example, based on audio to be heard by a user in the PSB,
e.g., as described below.

In some demonstrative embodiments, the sound control
system may be configured to control a sound contrast
between one or more first sound patterns and one or more
second sound patterns in the PSB, e.g., as described below.

In some demonstrative embodiments, for example, the
sound control system may be configured to control a sound
contrast between one or more first sound patterns of audio to
be heard by a user in the PSB, and one or more second sound
patterns, e.g., as described below.

In some demonstrative embodiments, for example, the
sound control system may be configured to selectively
increase and/or amplify the sound energy and/or wave
amplitude of one or more types of acoustic patterns within
the PSB, e.g., based on the audio to be heard in the PSB; to
selectively reduce and/or eliminate the sound energy and/or
wave amplitude of one or more types of acoustic patterns
within the PSB, e.g., based on audio to be provided to one
or more other PSBs; and/or to selectively and/or to selec-
tively maintain and/or preserve the sound energy and/or
wave amplitude of one or more other types of acoustic
patterns within the PSB.

In some demonstrative embodiments, the sound control
system may be configured to control the sound within the
PSB based on any other additional or alternative input or
criterion, e.g., as described below.

In some demonstrative embodiments, for example, the
sound control system may be configured to control the sound
within the PSB based, for example, on one or more attributes
of sound in an environment, for example, outside of the
PSB, e.g., an environment surrounding the PSB, and/or one
or more other PSBs, e.g., neighbor PSBs, as described
below.

In some demonstrative embodiments, for example, the
sound control system may be configured to control the sound
within the PSB based, for example, on one or more attributes
of noise and/or unwanted sound, for example, to reduce
and/or eliminate one or more sound patterns within the PSB,
e.g., as described below.

In some demonstrative embodiments, for example, the
sound control systems and/or methods described herein may
be configured to control in any other manner the sound
energy and/or wave amplitude of one or more acoustic
patterns within the PSB, for example, to affect, alter and/or
modify the sound energy and/or wave amplitude of one or
more acoustic patterns within a predefined zone.

In some demonstrative embodiments, a personal sound
zone may include a three-dimensional zone, e.g., defining a
volume in which sound is to be controlled.
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In one example, the personal sound zone may include a
spherical volume, for example, a bubble-like volume, or any
other volume having any other shape or form, and the PSB
system may be configured to control the sound within the
spherical volume.

In other embodiments, the personal sound zone may
include any other suitable volume, which may be defined,
for example, based on one or more attributes of a location at
which the personal sound zone is to be maintained.

Reference is now made to FIG. 1, which schematically
illustrates a sound control system 100 (also referred to as a
“PSB system”), in accordance with some demonstrative
embodiments. Reference is also made to FIG. 2, which
schematically illustrates of a deployment scheme 200 of
components of PSB system 100, in accordance with some
demonstrative embodiments.

In some demonstrative embodiments, system 100 may be
configured to control sound within at least one personal
sound zone 201, e.g., including at least a personal sound
zone 220, denoted “Zone 17, for example, based at least on
at least one audio input. For example, a PSB system may be
configured to control audio within at least one PSB 220, for
example, based on the at least one audio input to be heard
by a user in the PSB 220, e.g., as described below.

In some demonstrative embodiments, personal sound
zone 220 may include a three-dimensional zone. For
example, personal sound zone 220 may include a spherical
zone.

In one example, the personal sound zone 220 may include
a predefined zone and/or area, which may by suitable for a
single person, an animal, a plant, a device, e.g., a smart home
device, or any other object.

In one example, the personal sound zone 220 may include
a three-dimensional zone, e.g., defining a volume in which
the sound is to be controlled.

In some demonstrative embodiments, the audio input may
include audio designated to be heard in the personal sound
zone, e.g., as described below.

In some demonstrative embodiments, system 100 may be
configured to control sound within a plurality of personal
sound zones 201, for example, including two or more
personal sound zones, e.g., as described below.

In some demonstrative embodiments, the plurality of
sound zones 201 may include P personal sound zones, e.g.,
including the personal sound zone 220 and least one other
personal sound zone 229, denoted “Zone P”.

In some demonstrative embodiments, the plurality of
personal sound zones 201 may be configured, for example,
for one or more, e.g., several, persons, animals, plants,
devices or any other objects, for example, a computing
device or a personal assistant device, e.g., as described
below.

In one example, some environments, e.g., multi-sound
environments, such as vehicles, trains, airplanes, work
spaces, homes, public places, and the like, may include a
space shared by a plurality of users, where each user may
want to hear different sound, e.g., audio, music, voice, or the
like. According to this example, there may be a need to allow
the plurality of users to enjoy an individual sound experi-
ence, e.g., as described below.

In some demonstrative embodiments, sound control sys-
tem 100 may be configured to create a separation between
personal sound zones of the plurality of sound zones 201, for
example, to implement sound separation in such multi-
sound environments, e.g., as described below.

In some demonstrative embodiments, sound control sys-
tem 100 may be configured to divide an environment 215,
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e.g., a multi-sound environment, into several virtual inde-
pendent zones, e.g., in the form of several personal sound
zones, for example, such that a personal sound experience
may be delivered, for example, to each personal sound zone,
e.g., as described below.

In some demonstrative embodiments, sound control sys-
tem 100 may be configured to use an array of acoustic
transducers 108, e.g., loudspeakers, deployed in the envi-
ronment 215, for example, in a way which may be config-
ured to divide the environment into the plurality of personal
sound zones 201, e.g., as described below.

Some demonstrative embodiments are described herein
with respect to a sound control system utilizing a plurality of
loudspeakers. In other embodiments, the sound control
system may include one or more other types of acoustic
transducers, e.g., in addition to or instead of one or more of
the loudspeakers.

In some demonstrative embodiments, sound control sys-
tem 100 may be configured to implement an advanced signal
processing method, for example, to divide the environment
215 into the plurality of personal sound zones 201, e.g., as
described below.

In some demonstrative embodiments, sound control sys-
tem 100 may enable and/or support a focused sound trans-
mission towards a personal sound zone, e.g., personal sound
zone 220, for example, while reducing, minimizing, or even
eliminating, the sound intensity elsewhere, for example, in
the other personal sound zone of the plurality of personal
sound zones 201, and/or at one or more other locations in
environment 215 outside the sound zone 220, e.g., as
described below.

In some demonstrative embodiments, sound control sys-
tem 100 may enable and/or support providing to the plurality
of personal sound zones 201 with independent audio con-
tent, for example, even in environments, e.g., a homoge-
neous environment, such as a room or a car. For example, a
listener in the environment, e.g., each listener, may be able
to enjoy his own choice of audio, e.g., music, voice, news,
and the like, e.g., as described below.

In some demonstrative embodiments, sound control sys-
tem 100 may be configured to be implemented in and/or to
support various environments, e.g., as described below.

In some demonstrative embodiments, sound control sys-
tem 100 may include a vehicular system, e.g., as described
below.

In one example, sound control system 100 may be imple-
mented as part of one or more vehicular systems of a vehicle,
e.g., as described below. For example, sound control system
100 may be implemented within an interior of the vehicle.
For example, the vehicle may include a bus, a van, a car, a
truck, an airplane, a ship, a train, an autonomous driving
vehicle, and/or the like.

In other embodiments, sound control system 100 may be
implemented in conjunction with any other device, system
and/or environment.

In one example, sound control system 100 may be con-
figured to be implemented in and/or configured to support
transportation environments, for example, airplanes, trains
and/or cars, for example, to enable a user, e.g., each user, for
example, a driver, a passenger, and/or a traveler, to enjoy his
or her own choice of audio.

In one example, sound control system 100 may be con-
figured to be implemented in and/or to support a home
environment, for example, to enable and/or to support
providing a tailored multimedia, e.g., TV, audio, video
and/or gaming, experience to one or more users, while
accommodating individual preferences of the users.
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In one example, sound control system 100 may be con-
figured to be implemented in and/or to support a work
environment, for example, to allow privacy and/or to
improve confidentiality within the work environment, e.g.,
for users sharing a same workspace.

In one example, sound control system 100 may be con-
figured to be implemented in and/or to support a public
environment, for example, to allow and/or to support audio
transition of audio signals towards one or more relevant
zones in the public environment.

In another example, sound control system 100 may be
configured to be implemented in and/or to support any other
environment.

In some demonstrative embodiments, sound control sys-
tem 100 may be configured to use the plurality of acoustic
transducers 108, e.g., loudspeakers, for example, to focus
one or more input audio signals 117 into a specific personal
sound zone, for example, such that a personal sound zone,
e.g., each personal sound zone, may experience a respective
audio signal, for example, a desired audio signal or signals,
e.g., as described below.

In some demonstrative embodiments, sound control sys-
tem 100 may implement an advanced signal processing
method, for example, to increase, e.g., maximize, a sound
intensity of one or more input audio signals of signals 117,
for example, in a respective personal sound zone, for
example, while reducing, e.g., minimizing or even eliminat-
ing, the sound intensity of one or more undesired audio
signals in the personal sound zone 220, e.g., as described
below.

In some demonstrative embodiments, sound control sys-
tem 100 may be configured to implement one or more signal
processing techniques, for example, to individually process
sound for the plurality of sound control zones 201, for
example, increase, e.g., maximize, the sound intensity at
each zone of the plurality of personal sound zones 201, e.g.,
as described below.

In some demonstrative embodiments, sound control sys-
tem 100 may be configured to implement one or more signal
processing techniques, for example, to jointly process sound
for two or more of the sound control zones of the plurality
of personal sound zones 201, for example, increase, e.g.,
maximize, the sound intensity at each zone of the plurality
of personal sound zones 201, e.g., as described below.

In some demonstrative embodiments, sound control sys-
tem 100 may be configured to provide the audio to the
personal sound zone, for example, with reduced, e.g., mini-
mal, influence on audio quality, for example, while provid-
ing a personal sound experience, for example, without
disturbing, or minimally disturbing, others who are not
located in the personal sound zone, e.g., as described below.

In some demonstrative embodiments, sound control sys-
tem 100 may include a sound controller 102 configured to
control sound, for example, within environment 215, e.g., as
described below.

In one example, the environment 215 may include an
interior of a vehicle, a shared office, and/or any other
environment.

In some demonstrative embodiments, sound controller
102 may include an input 125 configured to receive one or
more audio inputs 117 to be heard in one or more personal
sound zones, e.g., of the plurality of personal sound zones
201, e.g., as described below. For example, the one or more
audio inputs 117 may be from one or more audio sources
119.

In one example, the one or more audio inputs 117 may
include, for example, music, phone conversations, human-
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machine interaction sounds, navigation inputs, vehicular
alerts, and/or any other sound and/or audio inputs.

In some demonstrative embodiments, input 125 may be
configured to receive a plurality of monitoring inputs 113,
e.g., as described below.

In some demonstrative embodiments, the plurality of
monitoring inputs 113 may represent acoustic sound at a
plurality of predefined monitoring sensing locations 207,
which may be defined within the one or more personal sound
zones of the plurality of personal sound zones 201, e.g., as
described below.

In some demonstrative embodiments, sound controller
102 may include a controller 120 configured to determine a
sound control pattern 123 based on the one or more audio
inputs 117, and the plurality of monitoring inputs 113, e.g.,
as described below.

In some demonstrative embodiments, the sound control
pattern 123 may include a plurality of sound control signals
configured to drive the plurality of acoustic transducers 108,
e.g., respectively, such that the one or more audio inputs 117
may be heard in the one or more personal sound zones, for
example, of the plurality of personal sound zones 201, e.g.,
as described below.

In some demonstrative embodiments, sound controller
102 may include an output 127 to output the plurality of
sound control signals to the plurality of acoustic transducers
108, e.g., as described below.

In some demonstrative embodiments, controller 120 may
be configured to determine the sound control pattern 123, for
example, based on environment acoustic information, e.g.,
as described below.

In other embodiments, controller 120 may be configured
to determine the sound control pattern 123, for example,
even without using the environment acoustic information.

In some demonstrative embodiments, input 125 may be
configured to receive environment acoustic information 111
representing environment acoustic sound at a plurality of
predefined environment locations 205, which may be
defined with respect to the environment 215 including the
one or more personal sound zones 201, e.g., as described
below.

In one example, controller 120 may be configured to
improve a quality of an audio stream transmitted to a
personal sound zone, for example, using acoustic sensors,
which may be configured as “‘environment acoustic sen-
sors” to “listen” to environment sound and/or noises. For
example, implementing the environment acoustic sensors
may provide a technical advantage of allowing sound con-
trol system 100 to control, e.g., in real time, frequencies
heard by a listener in the personal sound zone 220, for
example, at any time, e.g., as described below.

In some demonstrative embodiments, controller 120 may
be configured to determine the sound control pattern 123, for
example, based on the environment acoustic information
111, e.g., as described below.

In some demonstrative embodiments, the environment
acoustic information 111 may include information of acous-
tic sound sensed by an acoustic sensor 110 at an environment
location 205 of the plurality of predefined environment
locations 205, e.g., as described below.

In some demonstrative embodiments, the environment
acoustic information 111 may include information of an
audio signal, e.g., of the one or more audio inputs 117,
acoustic sound generated by a predefined audio source 203
and/or any other information relating to sound in one or
more locations of environment 215, e.g., as described below.
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For example, the predefined audio source 203 may
include a speaker of a cellular phone, sound alerts of a
vehicular safety system, and/or the like.

In other embodiments, the environment acoustic informa-
tion 111 may include any other additional or alternative
acoustic information relating to the environment 215.

In some demonstrative embodiments, controller 120 may
be configured to determine a plurality of selected frequen-
cies to be included in the sound control pattern 123, e.g., as
described below.

In some demonstrative embodiments, controller 120 may
be configured to select the plurality of selected frequencies
from a frequency spectrum, for example, based on the
environment acoustic information 111 and the one or more
audio inputs 117, e.g., as described below.

In some demonstrative embodiments, controller 120 may
be configured to determine the plurality of selected frequen-
cies, for example, based on projected audio and projected
environment sound, e.g., as described below.

In some demonstrative embodiments, the projected audio
may be based, for example, on a projection of an audio input
117, which is to be heard at the personal sound zone 220, by
a transfer function from the plurality of transducers 108 to
the personal sound zone 220, e.g., as described below.

In some demonstrative embodiments, the projected envi-
ronment sound may be based, for example, on a projection
of the environment acoustic sound by a transfer function
from the plurality of predefined environment locations 205
to the personal sound zone 220, e.g., as described below.

In some demonstrative embodiments, controller 120 may
be configured to determine whether a particular frequency is
to be included in the plurality of selected frequencies, for
example, based on the projected audio at the particular
frequency, and the projected environment sound at the
particular frequency, e.g., as described below.

In some demonstrative embodiments, controller 120 may
be configured to determine that the particular frequency is to
be included in the plurality of selected frequencies, for
example, when a difference between the projected audio at
the particular frequency and the projected environment
sound at the particular frequency is greater than a predefined
threshold, e.g., as described below. The threshold may be
defined, for example, based on a desired contrast between
audio to be heard in a personal sound zone and environment
sound affecting the personal sound zone.

In some demonstrative embodiments, controller 120 may
be configured to determine the plurality of sound control
signals, for example, based on one or more sets of weight
vectors corresponding to the one or more personal sound
zones 210, e.g., as described below.

In some demonstrative embodiments, a set of weight
vectors corresponding to a personal sound zone 220 may
include a plurality of weight vectors corresponding to the
plurality of acoustic transducers 108, respectively, e.g., as
described below.

In some demonstrative embodiments, a weight vector in
the set of weight vectors may be based, for example, on an
acoustic transfer function between an acoustic transducer
108 of the plurality of acoustic transducers 108 and the
personal sound zone 220, e.g., as described below.

In some demonstrative embodiments, controller 120 may
be configured to determine a sound control signal for a
particular acoustic transducer 108, for example, by applying
to an audio input 117 to be heard in the personal sound zone
220 a weight vector corresponding to the particular acoustic
transducer 108 from the set of weight vectors corresponding
to the personal sound zone 220, e.g., as described below.
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In some demonstrative embodiments, controller 120 may
be configured to determine the set of weight vectors corre-
sponding to the personal sound zone 220, for example, based
on a first plurality of acoustic transfer functions and a second
plurality of acoustic transfer functions, e.g., as described
below.

In some demonstrative embodiments, the first plurality of
acoustic transfer functions may include acoustic transfer
functions between the plurality of acoustic transducers 108
and the personal sound zone 220, e.g., as described below.

In some demonstrative embodiments, the second plurality
of acoustic transfer functions may include acoustic transfer
functions between the plurality of acoustic transducers 108
and one or more monitoring locations outside the personal
sound zone 220, for example, one or more monitoring
locations in one or more other personal sound zones and/or
one or more monitoring locations in environment 215, e.g.,
as described below.

In some demonstrative embodiments, controller 120 may
be configured to adjust one or more acoustic transfer func-
tions in the first or second pluralities of acoustic transfer
functions, for example, based on the environment acoustic
information 111, which represents the environment acoustic
sound at the plurality of predefined environment locations
205, which may be defined with respect to the environment
215 including the one or more personal sound zones 201,
e.g., as described below.

In some demonstrative embodiments, controller 120 may
be configured to adjust the one or more acoustic transfer
functions in the first or second pluralities of acoustic transfer
functions, for example, based on a change in the location of
the personal sound zone 220, e.g., as described below.

In one example, environment 215 may include an interior
of'a vehicle and the personal sound zone 220 may include an
area at a vicinity of a head of a traveler, e.g., a driver or a
passenger. For example, the personal sound zone 220 may
be defined to cover an area near or around at least one ear
of the traveler. According to this example, the change in the
location of the personal sound zone 220 may include, for
example, a movement of the headrest and/or seat of the
traveler, e.g., a movement up, down, backward and/or for-
ward, which may move the head of the driver. In one
example, controller 120 may be configured to receive posi-
tion information of a position of the seat and/or headrest, for
example, from a vehicular system of the vehicle, and con-
troller 120 may be configured to adjust one or more acoustic
transfer functions for the personal sound zone based on the
position information.

In some demonstrative embodiments, controller 120 may
be configured to adjust the one or more acoustic transfer
functions in the first or second pluralities of acoustic transfer
functions, for example, based on environment parameter
information of one or more environmental parameters of the
environment 215, e.g., as described below.

In one example, the environment parameter information
of'environment 215 may include, for example, a temperature
in environment 215, e.g., a temperature in a vehicle, which
may be received from one or more vehicular systems, e.g.,
an air condition vehicular system, for example, when system
100 is implemented in a vehicle. According to this example,
controller 120 may be configured to receive temperature
information and/or any other information of the environment
in the vehicle, for example, from a system controller of the
vehicle, and controller 120 may be configured to adjust one
or more acoustic transfer functions for the personal sound
zone based on the environment parameter information.
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In some demonstrative embodiments, controller 120 may
be configured to determine the set of weight vectors corre-
sponding to the personal sound zone 220, for example, based
on a criterion relating to a contrast between a first acoustic
energy and a second acoustic energy, e.g., as described
below.

In some demonstrative embodiments, the first acoustic
energy may include an acoustic energy at the personal sound
zone 220, for example, based on the set of weight vectors
corresponding to the personal sound zone, e.g., as described
below.

In some demonstrative embodiments, the second acoustic
energy may include an acoustic energy at one or more
monitoring locations outside the personal sound zone 220,
e.g., one or more locations in one or more other personal
sound zones and/or at any other locations in environment
215, for example, based on the set of weight vectors corre-
sponding to the personal sound zone 220, e.g., as described
below.

In some demonstrative embodiments, the weight vector
may include a plurality of weights corresponding to a
respective plurality of acoustic frequencies, e.g., as
described below.

In one example, the weight vector may include a plurality
of weights corresponding to some or all of the plurality of
selected frequencies from the frequency spectrum, e.g., as
described below.

In some demonstrative embodiments, controller 120 may
be configured to determine the sound control pattern 123, for
example, based on at least first and second audio inputs 117,
e.g., as described below.

In some demonstrative embodiments, the first audio input
may be for a first personal sound zone, e.g., personal sound
zone 220, the second audio input may be for a second
personal sound zone, e.g., personal sound zone 229.

In some demonstrative embodiments, controller 120 may
be configured to determine the sound control pattern 123, for
example, based on a first plurality of monitoring inputs
representing acoustic sound at a first plurality of monitoring
sensing locations, which are defined within the first personal
sound zone 220, and a second plurality of monitoring inputs
representing acoustic sound at a second plurality of moni-
toring sensing locations, which are defined within the sec-
ond personal sound zone 229, e.g., as described below.

In some demonstrative embodiments, controller 120 may
be configured utilize Active Noise Cancellation (ANC)
mechanism, for example, to dynamically control, reduce or
eliminate noise from the environment 215 of personal sound
zones 201.

In some demonstrative embodiments, controller 120 may
be configured to determine the sound control pattern based
on an ANC mechanism configured to reduce residual noise
outside of the personal sound zone based on the one or more
audio inputs and an input from an ANC microphone, e.g., as
described below.

In some demonstrative embodiments, controller 120 may
be configured to control the sound within the at least one
personal sound zone 220, e.g., as described in detail below.

In some demonstrative embodiments, controller 120 may
be configured to control the sound within the personal sound
zone 220 based on audio input 117, which may be desig-
nated to be heard at the personal sound zone 220, e.g., as
described below.

In some demonstrative embodiments, the controller 120
may be configured to receive the audio input 117, for
example, from at least one sound source 119, e.g., as
described below.
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In some demonstrative embodiments, for example, sound
sources 119 may include one or more digital audio sources,
e.g., as described below.

In one example, sound sources 119 may include any audio
source, configured to provide audio inputs 117, for example,
audio signals, phone calls, navigation instruction, human
voices, machine sound, system alerts, and/or any other
voice, sound, and/or noise.

In some demonstrative embodiments, controller 120 may
be configured to provide sound, e.g., audio, to the personal
sound zone 220 in a localized manner, for example, such that
one or more frequencies of the sound may be directed to
sound zone 220, while controlling, e.g., reducing or elimi-
nating, an effect of one or more frequencies of the sound
outside of the personal sound zone 220, e.g., as described
below.

In one example, controller 120 may be configured to
control and/or localize the sound towards the personal sound
zone 220, for example, based on the audio input 117, e.g., as
described below.

For example, controller 120 may be configured to control
and/or localize the sound in the personal sound zone 220, for
example, in one or more hearable frequencies, e.g., only in
the hearable frequencies related to a desired sound to be
heard by a user, for example, to maximize a sound perfor-
mance at the personal sound zone 220, e.g., as described
below.

In some demonstrative embodiments, controller 120 may
be configured to receive, e.g., via input 125, the plurality of
monitoring inputs 113, which may represent the acoustic
sound at the plurality of predefined monitoring sensing
locations 207, which may be defined within personal sound
zone 220.

In some demonstrative embodiments, controller 120 may
receive the plurality of monitoring inputs 113 from a plu-
rality of monitoring sensors 112, e.g., microphones, accel-
erometers, tachometers and the like, located at one or more
of monitoring sensing locations 207, and/or from one or
more virtual sensors configured to estimate the acoustic-
audio at one or more of monitoring sensing locations 207,
e.g., as described in detail below.

In some demonstrative embodiments, controller 120 may
be configured to receive, e.g., via input 125, the environment
acoustic information 111, which may represent environment
acoustic sound at the plurality of predefined environment
locations 205, which may be defined with respect to the
environment 215 including personal sound zone 220, e.g., as
described below.

In some demonstrative embodiments, controller 120 may
receive the information 111 of acoustic sound from the
plurality of acoustic sensors 110, e.g., microphones, accel-
erometers, tachometers and the like, located at one or more
of the plurality of predefined environment locations 205,
and/or from one or more virtual sensors configured to
estimate the acoustic sound at one or more of the plurality
of predefined environment locations 205, e.g., as described
in detail below.

In some demonstrative embodiments, controller 120 may
be configured to determine the sound control pattern 123, for
example, based on the audio input 117 to be provided to the
sound control zone 220, the environment acoustic informa-
tion 111 and/or the plurality of monitoring inputs 113, and to
output the sound control pattern 123 to control the plurality
of acoustic transducers 108, e.g., as described in detail
below.
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In some demonstrative embodiments, the plurality of
acoustic transducers 108, e.g., a plurality of speakers, may
include, for example, a speaker array, e.g., as described
below.

In some demonstrative embodiments, controller 120 may
control the plurality of acoustic transducers 108 to generate,
for example, based on sound control pattern 123, an audio
output pattern 122 configured to control the audio within
personal sound zone 220, e.g., as described below.

In one example, the plurality of accosting transducers 108
may include a plurality of speakers, loudspeakers or any
other acoustic transducers configured to focus audio output
pattern 122, e.g., based on a multitude of the audio inputs
117, for example, into the one or more personal sound zones
201, for example, such that each personal sound zone 220
may experience the respective audio input, e.g., as described
below.

In some demonstrative embodiments, the plurality of
accosting transducers 108 may include an array of loud-
speakers deployed in environment 215, e.g., including the
personal sound zone 220, e.g., as described below.

In some demonstrative embodiments, the plurality of
acoustic transducers 108 may include, for example, an array
of one or more acoustic transducers, e.g., at least one
suitable speaker, to produce the audio output pattern 122, for
example, based on sound control pattern 123.

In some demonstrative embodiments, the plurality of
acoustic transducers 108 may be positioned at one or more
locations, which may be determined based on one or more
attributes of personal sound zone 220, e.g., a size and/or
shape of zone 220, an expected location and/or directionality
of personal sound zone 220, one or more attributes of the
audio input 117 to be heard in the personal sound zone 220,
a number of the plurality of acoustic transducers 108, and/or
the like.

In one example, the plurality of acoustic transducers 108
may include a speaker array including a predefined number,
denoted M, of speakers or a multichannel acoustical source.

In some demonstrative embodiments, the plurality of
acoustic transducers 108 may include an array of speakers
implemented using a suitable “compact acoustical source”
positioned at a suitable location, e.g., external to personal
sound zone 220. In another example, the array of speakers
may be implemented using a plurality of speakers distrib-
uted in space, e.g., around personal sound zone 220.

In some demonstrative embodiments the plurality of
environment locations 205 may be distributed externally to
personal sound zone 220. For example, one or more of the
plurality of environment locations 205 may be distributed
on, or in proximity to, an envelope or enclosure surrounding
personal sound zone 220.

For example, if personal sound zone 220 is defined by a
spherical volume, then one or more of the plurality of
environment locations 205 may be distributed on a surface
of the spherical volume and/or external to the spherical
volume.

In another example, one or more of the plurality of
environment locations 205 may be distributed in any com-
bination of locations on and/or external to the personal
sound zone 220, e.g., one or more locations surrounding the
spherical volume.

In some demonstrative embodiments, monitoring sensing
locations 207 may be distributed within personal sound zone
220, for example, in proximity to the envelope of personal
sound zone 220 and/or at any other locations within personal
sound zone 220.
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For example, if zone 220 is defined by a spherical volume,
then monitoring sensing locations 207 may be distributed on
a spherical surface having a radius, which is lesser than a
radius of personal sound zone 220.

In some demonstrative embodiments, the plurality of
acoustic sensors 110 may be configured and/or distributed to
sense the acoustic sound at one or more of the plurality of
environment locations 205.

In some demonstrative embodiments, the plurality of
acoustic sensors 110 may be configured to listen to the
environment and/or to provide reference signals, e.g., the
environment acoustic information 111, based on sound
sensed on the environment 215, e.g., as described below.

In some demonstrative embodiments, controller 120 may
be configured to control “wanted” sound within at least one
personal sound zone, e.g., the sound input 117 to be provided
to personal sound zone 220, for example, by selectively
controlling the wanted sound in one or more frequencies,
e.g., only in the hearable frequencies related to the wanted
sound, e.g., as described below.

For example, the selective control of the wanted sound in
the one or more frequencies, e.g., only in the hearable
frequencies related to the wanted sound, may provide a
technical advantage of increasing, e.g., maximizing, the
controller sound performance of controller 120.

In some demonstrative embodiments, controller 120 may
be configured to utilize the environment acoustic informa-
tion 111, for example, to estimate an acoustic energy, e.g., an
unwanted acoustic energy, in the one or more hearable
frequencies at the plurality of environment locations 205.
For example, controller 120 may be configured to determine
the sound control pattern 123 for the personal sound zone
220, while utilizing the estimated environment unwanted
acoustical energy, which may mask, e.g., at monitoring
locations 205, the sound to be heard in personal sound zone
220, e.g., audio input 117.

In one example, controller 120 may be configured to
utilize the environment acoustic information 111, for
example, to estimate the hearable frequencies within the at
least one personal sound zone 220, related to the environ-
ment unwanted acoustical energy which mask the sound
desired to be heard in the private sound zone 220.

In some demonstrative embodiments, controller 120 may
be configured to spectrally estimate an environment noise
and its contribution to a personal sound zone 220, for
example, based on environment acoustic information 111.

In some demonstrative embodiments, controller 120 may
be configured to control sounds within the personal sound
zone 220, for example, based on relevant “dominant” audio
frequencies relative to the environment noise sources. For
example, using only the dominant audio frequencies, e.g.,
not all the frequency spectrum, may provide a technical
solution supporting a reduced complexity, e.g., a reduced
computational complexity, a reduced processing complexity,
a reduced processing delay, and/or reduced power consump-
tion, of system 100.

In some demonstrative embodiments, controller 120 may
be configured to implement and/or support performing spec-
tral analysis to the incoming audio streaming 117, for
example, to optimize a solution, using constrains in the
relevant dominant frequencies, and/or optimizing the solu-
tion complexity, by deciding which frequencies to solve.

In one example, controller 120 may be configured to
implement the spectral analysis, for example, for different
sound types of an audio input, e.g., speech, music, alerts,
and/or the like.
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In another example, controller 120 may be configured to
implement the spectral analysis, for example, for multiple
sound bubbles.

In some demonstrative embodiments, the plurality of
monitoring sensors 112 may be configured to sense the
acoustic sound at one or more of monitoring sensing loca-
tions 207.

In one example, the plurality of monitoring sensors 112
may be configured to sense and/or monitor an effectiveness
of the acoustic sound at the plurality of predefined moni-
toring sensing locations 207.

In some demonstrative embodiments, the plurality of
monitoring sensors 112 may be configured to generate the
plurality of monitoring inputs 113 representing the acoustic
sound at the plurality of predefined monitoring sensing
locations 207 within the personal sound zone 220, e.g., as
described below.

In some demonstrative embodiments, the plurality of
monitoring sensors 112 may be configured to generate
monitoring signals, e.g., the plurality of monitoring inputs
113, and/or may be located in the personal sound zone 220.

In one example, the plurality of monitoring sensors 112
may be used to monitor, e.g., in real time, an effectiveness
of audio in the personal sound zone 220, to define a
dimension of the personal sound zone 220 and/or to con-
tinuously optimize, e.g., in real time, the performance of the
audio in the personal sound zone 220.

In some demonstrative embodiments, controller 120 may
be configured to adjust and/or optimize, e.g., in real time,
transfer functions, e.g., transfer functions from the plurality
of transducers 108 to the one or more personal sound zones
220, for example, to accommodate for changes in the system
and/or environment, for example, if a user changes an
acoustical environment effect, e.g., as described below.

In some demonstrative embodiments, controller 120 may
be configured to use the monitoring inputs 113 and/or the
environment acoustic information 111, for example, to opti-
mize one or more of the transfer functions, e.g., as described
below.

In some demonstrative embodiments, controller 120 may
optimize one or more of the transfer functions, for example,
based on a Virtual Sensing methodology, e.g., as described
below.

In some demonstrative embodiments, controller 120 may
adjust and/or optimize one or more of the transfer functions,
for example, based on one or more scenarios, which may
cause an acoustical environment effect and/or change, e.g.,
as described below.

For example, controller 120 may adjust optimize one or
more of the transfer functions, for example, based on
movement of people, movement of objects, a temperature
change and/or any other environmental and/or physical
changes in environment 215.

For example, controller 120 may adjust and/or optimize
one or more of the transfer functions, for example, based on
a change in the location of a personal sound zone 220. For
example, a personal sound zone 220 may be moved and/or
changed. In one example, when system 100 is implemented
within a vehicle, a personal sound zone for the driver may
be moved based on movement of the driver and/or the seat
of the driver.

In one example, the plurality of monitoring sensors 112
and/or the plurality of acoustic sensors 110 may include
and/or may be implemented by one or more electronic
sources, acoustic sources, electronic signals and/or sensors,
for example, microphones, accelerometers, optical sensors,
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e.g., a laser sensor, a lidar sensor, a camera, a radar, digital
audio signals and/or any other sensor.

In some demonstrative embodiments, one or more of the
plurality of acoustic sensors 110 and/or one or more of the
plurality of monitoring sensors 112 be implemented using
one or more “virtual sensors” (“virtual microphones”). A
virtual microphone corresponding to a particular micro-
phone location may be implemented by any suitable algo-
rithm and/or method capable of evaluating an acoustic
pattern, which would have be sensed by an actual acoustic
sensor located at the particular microphone location.

In some demonstrative embodiments, controller 120 may
be configured to simulate and/or perform the functionality of
the virtual microphone, e.g., by estimating and/or evaluating
the acoustic audio pattern at the particular location of the
virtual microphone.

In some demonstrative embodiments, system 100 may
include a first array of one or more of the plurality of
acoustic sensors 110, e.g., microphones, accelerometers,
tachometers and the like, configured to sense the acoustic
sound at one or more of the plurality of environment
locations 205. For example, the plurality of acoustic sensors
110 may include one or more sensors to sense acoustic sound
in a zone outside personal sound zone 220.

In some demonstrative embodiments, one or more of the
sensors of the first array may be implemented using one or
more “virtual sensors”. For example, the first array may be
implemented by a combination of at least one microphone
and at least one virtual microphone. A virtual microphone
corresponding to a particular microphone location of the
plurality of environment locations 205 may be implemented
by any suitable algorithm and/or method, e.g., as part of
controller 120 or any other element of system 100, capable
of evaluating an acoustic pattern, which would have be
sensed by an acoustic sensor located at the particular micro-
phone location. For example, controller 120 may be config-
ured to evaluate the acoustic pattern of the virtual micro-
phone based on at least one actual acoustic pattern sensed by
the at least one microphone of the first array.

In some demonstrative embodiments, system 100 may
include a second array of one or more of the plurality of
monitoring sensors 112, e.g., microphones, configured to
sense the acoustic sound at one or more of monitoring
sensing locations 207. For example, the plurality of moni-
toring sensors 112 may include one or more sensors to sense
the acoustic sound patterns in a zone within personal sound
zone 220.

In some demonstrative embodiments, one or more of the
sensors of the second array may be implemented using one
or more “virtual sensors”. For example, the second array
may include a combination of at least one microphone and
at least one virtual microphone. A virtual microphone cor-
responding to a particular microphone location of monitor-
ing sensing locations 207 may be implemented by any
suitable algorithm and/or method, e.g., as part of controller
120 or any other element of system 100, capable of evalu-
ating an acoustic pattern, which would have be sensed by an
acoustic sensor located at the particular microphone loca-
tion. For example, controller 120 may be configured to
evaluate the acoustic pattern of the virtual microphone based
on at least one actual acoustic pattern sensed by the at least
one microphone of the second array.

In some demonstrative embodiments, the number, loca-
tion and/or distribution of the environment locations 205
and/or monitoring sensing locations 207, and/or the number,
location and/or distribution of one or more acoustic sensors
at one or more of environment locations 205 and/or moni-
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toring sensing locations 207 may be determined based on a
size of personal sound zone 220 or of an envelope of
personal sound zone 220, a shape of personal sound zone
220 or of the envelope of personal sound zone 220, one or
more attributes of the acoustic sensors to be located at one
or more of the environment locations 205 and/or monitoring
sensing locations 207, e.g., a sampling rate of the sensors,
and the like.

In one example, one or more acoustic sensors, e.g.,
microphones, accelerometers, tachometers and the like, may
be deployed at environment locations 205 and/or or moni-
toring sensing locations 207 according to the Spatial Sam-
pling Theorem, e.g., as defined below by Equation 1.

For example, a number of the plurality of acoustic sensors
110, a distance between the plurality of acoustic sensors 110,
a number of the monitoring sensors 112 and/or a distance
between the monitoring sensors 112 may be determined in
accordance with the Spatial Sampling Theorem, e.g., as
defined below by Equation 1.

In one example, the plurality of acoustic sensors 110
and/or the plurality of monitoring sensors 112 may be
distributed, e.g., equally distributed, with a distance, denoted
d, from one another. For example, the distance d may be
determined as follows:

J<S )
2-f
wherein ¢ denotes the speed of sound and f,,,, denotes a
maximal frequency at which audio control is desired.

For example, in case the maximal frequency of interest is
f,...=100 [Hz], the distance d may be determined as

In other embodiments, any other distances and/or deploy-
ment schemes may be used.

In some demonstrative embodiments, as shown in FIG. 2,
deployment scheme 200 may be configured with respect to
a circular or spherical personal sound zone 220. For
example, the plurality of environment locations 205 may be
distributed, e.g., substantially evenly distributed, in a spheri-
cal or circular manner around and outside of personal sound
zone 220, and/or monitoring sensing locations 207 may
distributed, e.g., substantially evenly distributed, in a spheri-
cal or circular manner within personal sound zone 220.

However in other embodiments, components of system
100 may be deployed according to any other deployment
scheme including any suitable distribution of environment
locations 205 and/or monitoring sensing locations 207, e.g.,
configured with respect a personal sound zone of any other
suitable form and/or shape.

In some demonstrative embodiments, for example, the
plurality of monitoring sensors 112 and/or acoustic sensors
110 may be located, for example, using virtual sensing
techniques, for example, to locate monitoring sensors 112
and/or acoustic sensors 110 in feasible locations, e.g., in a
headrest, above an occupied seat in a car and the like, while
enabling a personal sound zone 220 for a user 202, for
example, without a need to locate microphones in human
ears of the user and/or surrounding a head of the user.

In one example, a virtual sensor, e.g., a virtual micro-
phone, signal, denoted &,"[n], may be determined based on
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a sum of a desired virtual sensor, denoted d,"[n], and a
virtual aundio signal estimation, denoted €% IV[n], e.g., as
follows:

&' n)=d, Tn+CX Mn)

@

For example, a virtual sensing transfer function, denoted
{h; ;}, may be defined to fulfill the following requirement:

&)

For example, the virtual sensing transfer function {h, }
may be designed to map a physical desired signal, denoted
d, . N,,P [n] to a virtual desired signal, denoted d, , MVV[n].

For example, the virtual mic signal may be determined,
e.g., as follows:

G

In some demonstrative embodiments, controller 120 may
be configured to control an acoustic contrast of sound within
the personal sound zone 220, e.g., as described below.

In some demonstrative embodiments, controller 120 may
be configured to create an acoustic contrast between the
personal sound zone 220 and surroundings of the personal
sound zone 220, e.g., as described below.

In one example, the acoustic contrast may be between an
audio input for the personal sound zone 220, e.g., audio
input 117, and one or more other audio inputs for other
personal sound zone, and/or between a subset of a plurality
of andio inputs to a complementary subset of the plurality of
audio inputs.

In some demonstrative embodiments, controller 120 may
be configured to utilize the environment acoustic informa-
tion 111, for example, to increase, e.g., maximize, the
acoustic contrast between the personal sound zone 220 and
surroundings of the personal sound zone 220, for example,
with reduced, e.g., minimal, effect on an audio quality, e.g.,
in the personal sound zone 220, in the environment 215,
and/or at one or more other personal sound zones.

In one example, the environment acoustic information 111
may serve as reference signals to the controller 120. Accord-
ing to this example, the controller 120 may use environ-
mental prior acoustical knowledge, for example, to modify
in the audio output pattern 122 one or more relevant fre-
quencies, which may be designated to be heard by a user at
the personal sound zone 220.

In some demonstrative embodiments, controller 120 may
be configured to receive the environment acoustic informa-
tion 111 and/or the plurality of monitoring inputs 113, and,
for example, based on an acoustic contrast for the personal
sound zone 220, to output the sound control signal 122 to the
plurality of acoustic transducers 108, e.g., as described
below.

In one example, the environment acoustic information 111
and/or the plurality of monitoring inputs 113 may be delayed
by a configurable delay time by controller 120, for example,
to allow sufficient time for transmission and processing of
the sound control signal 123. For example, the delay time
may be based, for example, on a nature of one or more of the
inputs to controller 120.
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In some demonstrative embodiments, controller 120 may
be configured to implement and/or support an optimization
method, for example, to improve a quality of the audio
output pattern 122, e.g., the audio stream transmitted to the
personal sound zone 220, for example, based on the envi-
ronment acoustic information 111, which may represent
environment noises and/or may enable control of the audio
in the personal sound zone 220, for example, in real-time.

In one example, controller 120 may be configured to
utilize the environment acoustic information 111 to consider
one or more frequencies, e.g., only frequencies heard by the
listener at specific time, and/or any other frequencies.

In some demonstrative embodiments, controller 120 may
be configured to implement an optimization method to
provide reduced, e.g., minimal, influence to the audio qual-
ity, for example, while providing a personal sound experi-
ence, for example, without disturbing other users, which are
not located in the PSB 220.

In some demonstrative embodiments, controller may be
configured to utilize the environment acoustic information
111 and/or the plurality of monitoring inputs 113, for
example, to improve audio at the personal sound zone 220,
for example, with reduced, e.g., minimal, disturbance to
other zones, which are located outside the personal sound
zone 220, e.g., which may be defined by the plurality of
monitoring sensors 112.

In some demonstrative embodiments, controller 120 may
be configured to modify sound control pattern 123 sent to
audio transducers 108, for example, based on the environ-
ment acoustic information 111, for example, to achieve a
local sound bubble, e.g.. a PSB 220, with reduced, e.g.,
minimal, effect on a surrounding sound, e.g., at environment
215.

In some demonstrative embodiments, controller 120 may
be configured to support an optimization method, for
example, to enable a personal sound experience, e.g., at the
personal sound zone 220, for example, even without dis-
turbing others who are not located in the personal sound
zone 220.

In some demonstrative embodiments, controller 120 may
be configured to individually or jointly control a plurality of
audio inputs for a plurality of personal sound zones, for
example, by performing one or more operations described
above for one personal sound zone, e.g., personal sound
zone 220, for each zone of the plurality of personal sound
zones, e.g., as described below.

In one example, a sound control signal, denoted “audio
signal”, of the plurality of sound controls signals of the
sound control pattern 123 e.g., for an acoustic transducer
108, may be determined, for example, based on an audio
input 117 designated to be heard in the personal sound zone
220, inputs from acoustic sensors 110, inputs from moni-
toring sensors 112, and/or based on other audio signals
which are not required in the personal sound zone 220.

For example, the sound control signal may be determined
based on the one or more audio inputs 117, the environment
acoustic information 111 and/or the plurality of monitoring
inputs 113, e.g., as follows:

Sound control signal'=fenvironment mics(#),moni-
toring mics(n),Audio signal““(n))

(©)
In some demonstrative embodiments, a PSB system, e.g.,
system 100, may be combined with one or more other
systems, for example, to improve the audio quality at the
personal sound zone 220.
In some demonstrative embodiments, the PSB system 100
may be combined with, and/or may implement, an Active
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Noise Control/Cancelation (ANC) system, which may be
configured for example, to reduce or eliminate undesirable
noise, e.g., at the personal sound zone 220, e.g., as described
below.

In one example, controller 120 may be configured to
utilize a combination of the personal sound control tech-
niques described herein together with ANC techniques, for
example, to control sound in PSB 220 based on a combi-
nation of the audio input 117 and ANC of one or more
unwanted noise signals, e.g., as described below. According
to this example, performance of a PSB system may be
improved, for example, by using ANC to reduce leftover
undesired sounds in the PSB, for example, originating from
other PSBs and/or other noise sources. For example, audio
streams for PSB 220 may be used as inputs of an ANC
system, for example, as reference inputs, for example, to
reduce the effect of these audio streams, for example, in
zones were those streams are not wanted, e.g., as described
below.

In one example, controller 120 may be configured to
determine sound control pattern 123 for Q sound zones 210,
e.g., including personal sound zones 220 and 229.

In some demonstrative embodiments, a predefined num-
ber of monitoring sensors, denoted L.q be placed within a
sound zone q.

In some demonstrative embodiments, a total of the moni-
toring sensors may include a sum of the monitoring sensors
Lq in all the personal sound zones Q, e.g., Eq:IQLq.

In some demonstrative embodiments, a vector, denoted
P, of sound pressures corresponding to the microphone
sensing locations in a zone ¢ at a particular frequency,
denoted w, may be defined, e.g., as follows:

Pa= (0w, - . p LwT 0)

In some demonstrative embodiments, the vector Pq of
sound pressure at the zone q may be defined based on a
product of a set of weight vectors, denoted g, with a transfer
function, denoted H,, between a plurality of acoustic trans-
ducers M, e.g., the plurality of acoustic transducers 108, and
the personal sound zone ¢, for example, between the plu-
rality of acoustic transducers M and the monitoring sensors
at the personal sound zone g, e.g., as follows:

N

In some demonstrative embodiments, the set of weight
vectors g, may include a plurality of weight vectors corre-
sponding to the plurality of acoustic transducers M at the
particular frequency o, for example, such that a weight
vector g, of the set of weight vectors g, may correspond to
a respective m-th transducer of the plurality of transducers
M, e.g., as follows:

p=Hg,

8= g, . .. ®

In one example, the set of weight vectors g, may be
include a vector of loudspeaker driving signals at the given
frequency w to create the personal sound zone q. for
example, personal sound zone 220, and/or H, may repre-
sents a matrix of acoustic transfer functions between the
loudspeaker drivers and the monitoring microphones in zone

58, qM(W)]T

In some demonstrative embodiments, controller 120 may
be configured to maximize a contrast in an acoustic energy
between a personal sound zone b in which the audio input is
to be heard (“bright zone”), e.g., personal sound zone 220,
and another zone d (“dark zone™), e.g., one or more other
personal sound zones of the plurality of personal sound
zones 201.
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In one example, the personal sound zone q of the plurality
of personal sound zones Q may be defined as the bright zone
b, and the remaining Q-1 sound zones of the plurality of
personal sound zones Q may be defined as the dark zones d.

In another example, the dark zones d may include one or
more other zones or areas in the environment 215, e.g.,
inside or outsize zones 201.

In some demonstrative embodiments, an energy, denoted
E,. at the bright zone, may include acoustic energy at the
personal sound zone g, which may be based on the set of
weight vectors g, corresponding to the personal sound zone
g, and based on acoustic transfer functions, denoted H,,
between the plurality of acoustic transducers M and the
personal sound zone g, for example, at one or more moni-
toring locations inside the personal sound zone g, e.g., as
follows:

Eb:‘Wb“zzquHbTHbgq ©

In some demonstrative embodiments, an energy, denoted
E_, at the dark zone may include acoustic energy at the
remaining Q-1 sound zones, which may be based on the set
of weight vectors g, corresponding to the personal sound
zone q and based on acoustic transfer functions, denoted H ,
between the plurality of acoustic transducers M and the
remaining Q-1 sound zones, for example, at one or more
monitoring locations outside the personal sound zone g, e.g.,
as follows:

E= deuzzquHdTHdgq

In some demonstrative embodiments, controller 120 may
be configured to determine the set of weight vectors g,
corresponding to the personal sound zone g, for example,
based on a criterion relating to a contrast between the first
acoustic energy E,. and the second acoustic energy E , e.g.,
as described below.

In some demonstrative embodiments, the criterion may
include limiting acoustic energy E,, for example, based on
a volume, denoted B, at which the audio input is to be heard
in the personal sound zone q, and/or minimizing the second
energy E ,, for example, to maximize the contrast between
the bright and dark zones, e.g., based on some or all of the
following Criteria Set:

minE,

10

E,=B,

lggmlP<Epm=1, .. ..M an

wherein, the first criterion may require that the acoustic
energy E, in the dark zone is to be at minimum, the second
criterion may require that the acoustic energy E,, in the bright
zone, e.g., personal sound zone 220, may be controlled by
the desired volume B, and/or the third criterion may apply
energy constraints to a speaker m. e.g., some or all speakers,
of the plurality of speakers M, for example, depending on
type and/or specification of the speaker m.

In some demonstrative embodiments, a target function,
denoted L(g), may be defined based on the Criteria Set (11),
e.g., as follows:

M (12)
L(g) = g H} Hagy + Xo(g) H] g4 = Bo) + . (lgnWI* — E,)

m=1

In some demonstrative embodiments, controller 120 may
be configured to determine the set of weight vectors g, for
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example, by determining a maximal Eigen vector that mini-
mizes the target function L(g), e.g., as follows:

A8 =IH, H ) ' H, H, g, 13)

In some demonstrative embodiments, the set of weight
vectors g, may be determined for the particular personal
sound zone q and for the particular frequency w, and may
include a plurality of weight vectors corresponding to the
plurality of acoustic transducers, e.g., from 1 to M.

In some demonstrative embodiments, controller 120 may
be configured to determine a sound control signal, denoted
A, (w), for a particular acoustic transducer m at the particu-
lar frequency ®, for example, by applying to an audio input,
denoted Audio,(w), to be heard in the personal sound zone
g, a weight vector corresponding to the particular acoustic
transducer m from the set of weight vectors g, correspond-
ing to the personal sound zone ¢, e.g., as follows:

; 0 (14)
A0y =) gu(w) - Audio, ()
g=1

wherein A, (w) may be defined as the frequency adjusted
audio output of the speaker m, and may represent, for
example, a sum of all audio output to each zone q of the Q
zones at the frequency w, multiplied by the appropriate
weight vector g, (w).

In some demonstrative embodiments, controller 120 may
be configured to convert the signal A, (w) from a frequency
domain to a time domain, for example, before transmitting
the signal to the speaker m. For example, controller 120 may
apply an Inverse Fast Fourier Transfer (IFFT) to the sound
control signal A, (w) for the particular acoustic transducer m
at the particular frequency o, e.g., as follows:

output_audio,, =ifft(4,,) (15)

Reference is now made to FIG. 3, which schematically
illustrates a PSB controller 320, in accordance with some
demonstrative embodiments.

In one example, controller 120 (FIG. 1) may perform one
or more operations of, one or more functionalities of, and/or
the role of, the PSB controller 320 (FIG. 3).

In some demonstrative embodiments, as shown in FIG. 3,
PSB controller 320 may be implemented as a multi-input-
multi-output (MIMO) PSB controller to receive a plurality
of environment inputs 311 from a plurality of environment
sensors 310.

In some demonstrative embodiments, as shown in FIG. 3,
PSB controller 320 may receive a plurality of monitoring
inputs 313 from a plurality of monitoring sensors 312.

In some demonstrative embodiments, as shown in FIG. 3,
PSB controller 320 may output a sound control pattern 322
to a plurality of acoustic transducers 308.

Reference is made to FIGS. 4A and 4B, which schemati-
cally illustrate an array of loudspeakers 400 deployed to
control sound in a plurality of sound control zones, in
accordance with some demonstrative embodiments.

In some demonstrative embodiments, the array of loud-
speakers 400 may be configured to focus two audio inputs,
for example, to two respective personal sound zones, e.g., as
described below.

For example, as shown in FIG. 4A, the array of loud-
speakers 400 may include a plurality of loudspeakers, which
may be configured to send a first sound transmission 402
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towards a first personal sound zone 404, and a second sound
transmission 406 towards a second personal sound zone 408,
e.g., as described above.

For example, as shown in FIG. 4B, the plurality of
loudspeakers of array 400 may be configured to send a first
sound transmission 412 towards a first sound zone 414, e.g.,
a personal sound zone; and a second sound transmission 416
for a second sound zone 418, for example, in an environment
surrounding the first sound zone 414, e.g., as described
above.

In other embodiments, any other configuration of the first
and second sound zones may be implemented, and/or any
other number of a plurality of sound zones may be imple-
mented.

Reference is made to FIG. 5, which schematically illus-
trates a deployment scheme 500 of a PSB system, in
accordance with some demonstrative embodiments.

In some demonstrative embodiments, PSB system 100
(FIG. 1) may be implemented in an environment, for
example, a car, and airplane or the like, e.g., which may be
configured for two persons sitting in two seats, e.g., as
described below.

In one example, deployment scheme 500 may implement
the PSB system for two seats, for example, two front seats
of a car, and/ort any other number of seats, e.g., in a row,
and/or any other arrangement of seats.

In some demonstrative embodiments, as shown in FIG. 5,
the PSB system may be configured to create at least one first
PSB 502 around a head of a first user, e.g., two PSBs around
two ears of the first user, and/or at least one second PSB 508
around a head of a second user e.g., two PSBs around two
ears of the second user.

In one example, controller 120 (FIG. 1) may be config-
ured to control the array of loudspeakers 400 (FIG. 4) to
create PSBs 504 and/or 508.

In some demonstrative embodiments, a sound control
system, e.g., PSB system 100 (FIG. 1), may be configured to
implement and/or support various deployment schemes of
one or more PSBs, e.g., as described below.

Reference is made to FIG. 6, which schematically illus-
trates a deployment scheme of a PSB system 600, in
accordance with some demonstrative embodiments. For
example, noise control system 100 (FIG. 1) may perform
one or more operations of, one or more functionalities of,
and/or the role of PSB system 600.

In some demonstrative embodiments, PSB system 600
may be configured to create a PSB 602 for an audio signal,
denoted “Signal 17, e.g., as described below.

In some demonstrative embodiments, PSB system 600
may create PSB 602, for example, by creating an acoustic
contrast for the audio signal 1 between PSB 602 and one or
more other areas, e.g., as described below.

In some demonstrative embodiments, PSB system 600
may be configured to create a high contrast between a first
amplitude, e.g., a high amplitude, of the audio signal 1 inside
a PSB 602, and a second amplitude, e.g., a low amplitude,
of the audio signal 1 outside PSB 602.

Reference is made to FIG. 7, which schematically illus-
trates a deployment scheme of a PSB system 700, in
accordance with some demonstrative embodiments. For
example, noise control system 100 (FIG. 1) may perform
one or more operations of, one or more functionalities of, the
role of PSB system 700.

In some demonstrative embodiments, PSB system 700
may be configured to create a plurality of PSBs for a
respective plurality of audio signals, denoted “Signals 1, 2,
3,4,...7, e.g., as described below.
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In one example, PSB system 700 may be implemented
using multiple PSB systems. For example, PSB system 700
may include a plurality of PSB systems to process, e.g.,
individually and/or independently, the plurality of audio
signals for a plurality of PSBs.

In another example, PSB system 700 may be imple-
mented to jointly implement and/or control two or more
PSBs of the plurality of PSBs.

In some demonstrative embodiments, PSB system 700
may be configured to create the plurality of PSBs, for
example, by creating an acoustic contrast between the plu-
rality of audio signals, as described below.

In some demonstrative embodiments, PSB system 700
may be configured to create for an audio signal, e.g., for each
signal, of the plurality of audio signals, a high contrast
between a first amplitude, e.g., a high amplitude, of the
audio signal inside a respective PSB corresponding to the
audio signal, and a second amplitude, e.g., a low amplitude,
of the audio signal outside the respective PSB.

In one example, PSB system 700 may be configured to
create the high contrast for each signal, for example, by
repeating the operations of PSB system 600 (FIG. 6), e.g.,
for each signal of the plurality of audio signals.

For example, PSB system 700 may create a first PSB 712,
denoted “PSB A”, for a first audio signal, denoted “Signal
17, for example, by creating a high contrast between a first
amplitude, e.g., a high amplitude, of the audio signal 1 inside
PSB 712, and a second amplitude, e.g., a low amplitude, of
the signal 1 outside PSB 712; a second PSB 714, denoted
“PSB B”, for a second audio signal, denoted “Signal 27, for
example, by creating a high contrast between a high ampli-
tude of the signal 2 inside PSB 714, and a low amplitude of
the audio signal 2 outside PSB 714; a third PSB 716, denoted
“PSB C”, for a third audio signal, denoted “Signal 37, for
example, by creating a high contrast between a high ampli-
tude of the signal 3 inside PSB 716, and a low amplitude of
the audio signal 3 outside PSB 716; and/or a fourth PSB 718,
denoted “PSB D”, for a fourth audio signal, denoted “Signal
4>, for example, by creating a high contrast between a high
amplitude of the signal 4 inside PSB 718, and a low
amplitude of the signal 4 outside PSB 718.

Reference is made to FIG. 8, which schematically illus-
trates a deployment scheme of a PSB system 800, in
accordance with some demonstrative embodiments. For
example, noise control system 100 (FIG. 1) may perform
one or more operations of, one or more functionalities of,
and/or the role of PSB system 800.

In some demonstrative embodiments, PSB system 800
may be configured to create a PSB for an audio signal,
denoted “Signal 1”.

In some demonstrative embodiments, PSB system 800
may create the PSB for audio signal 1, for example, by
creating an acoustic contrast between the audio signal 1 and
a plurality of other (unwanted) audio signals, denoted “Sig-
nals 2,3, 4, ...7, e.g., as described below.

In some demonstrative embodiments, PSB system 800
may be configured to create a high contrast for the audio
signal 1, for example, by creating inside PSB 802 a first
amplitude, e.g., a high amplitude, of the signal 1, and
creating inside PSB 802 a second amplitude, e.g., a low
amplitude, of the plurality of other audio signals.

Reference is made to FIG. 9, which schematically illus-
trates a deployment scheme of a PSB system 900, in
accordance with some demonstrative embodiments. For
example, sound control system 100 (FIG. 1) may perform
one or more operations of, one or more functionalities of,
and/or the role of PSB system 900.
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In some demonstrative embodiments, PSB system 900
may be configured to create a plurality of PSBs for a
respective plurality of input audio signals, e.g., as described
below.

In one example, PSB system 900 may be implemented
using multiple PSB systems. For example, PSB system 900
may include a plurality of PSB systems to process, e.g.,
individually and/or independently, the plurality of audio
signals for a plurality of PSBs.

In another example, PSB system 900 may be imple-
mented to jointly implement and/or control two or more
PSBs of the plurality of PSBs.

In some demonstrative embodiments, PSB system 900
may be configured to create acoustic contrasts between the
audio signals at the plurality of PSBs, e.g., as described
below.

In some demonstrative embodiments, PSB system 900
may be configured to create a high contrast for an audio
signal of a PSB, e.g., each PSB, of the plurality of PSBs, for
example, by creating inside the PSB a first amplitude, e.g.,
a high amplitude, to the dedicated audio signal of the PSB,
and creating inside the PSB a second amplitude, e.g., a low
amplitude, to the remaining audio signals of the plurality of
audio signals inside the PSB.

For example, PSB system 900 may create a first PSB 912,
denoted “PSB A”, for a first audio signal, denoted “Signal
17, for example, by creating inside PSB 912 a high contrast
between a first amplitude, e.g., a high amplitude, of the
audio signal 1, and a second amplitude, e.g., a low ampli-
tude, of the signals 2, 3, and/or 4; a second PSB 914, denoted
“PSB B”, for a second audio signal, denoted “Signal 27, for
example, by creating inside PSB 914 a high contrast
between a high amplitude of the signal 2, and a low
amplitude of the signals 1, 3 and/or 4; a third PSB 916,
denoted “PSB C”, for a third audio signal, denoted “Signal
3”, for example, by creating inside PSB 916 a high contrast
between a high amplitude of the signal 3 and a low ampli-
tude of signals 1, 2, and/or 4; and/or a fourth PSB 918,
denoted “PSB D”, for a fourth audio signal, denoted “Signal
4>, for example, by creating a high contrast between a high
amplitude of the signal 4, and a low amplitude of signals 1,
2, and/or 3.

In one example, PSB system 900 may be configured to
create the high contrast for each PSB, for example, by
repeating the operations of PSB system 800 (FIG. 8), e.g.,
for each PSB of the plurality of PSBs.

Reference is made to FIG. 10, which schematically illus-
trates a controller 1020, in accordance with some demon-
strative embodiments. For example, controller 120 (FIG. 1)
may include, perform the role of, perform the functionality
of, perform the role of, and/or perform one or more opera-
tions of controller 1020.

In some demonstrative embodiments, as shown in FIG.
10, controller 1020 may include a frequency selector 1050,
e.g., implemented as a Frequency List Module, to output a
plurality of selected frequencies 1052, e.g., as described
below.

In some demonstrative embodiments, as shown in FIG.
10, controller 1020 may include a Speaker Transfer function
(STF) adapter 1040, e.g., implemented as Adaptive STF
Module, to output a plurality of acoustic transfer functions
1042, e.g., as described below.

In some demonstrative embodiments, as shown in FIG.
10, controller 1020 may include a sound control pattern
generator 1030, e.g., implemented as an Output Module, to
process a plurality of sets of weight vectors 1023, and to
generate a sound control pattern including a plurality of
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sound control signals 1032 to a plurality of acoustic trans-
ducers 1008, e.g., as described below.

In some demonstrative embodiments, as shown in FIG.
10, the plurality of sound control signals 1032 may be based
on weight vectors 1023, and an audio input 1017, e.g., after
converting the audio input into a frequency domain, for
example, by applying a Fast Fourier Transform (FFT) 119 to
the audio input 1017.

In some demonstrative embodiments, as shown in FIG.
10, controller 1020 may determine the weight vectors 1023
based on the plurality of selected frequencies 1052 and the
acoustic transfer functions 1042, e.g., as described below.

In some demonstrative embodiments, as indicated at
block 1012 and 1014, controller 1020 may iterate over
frequencies W the plurality of selected frequencies 1052,
e.g., as described below.

In some demonstrative embodiments, as indicated at
blocks 1016, controller 1020 may determine first transfer
functions, denoted HA(W), e.g., dark zone transfer functions,
and/or second transfer functions, denoted Hb(W), e.g.,
bright zone transfer functions, for example, based on the
plurality of acoustic transfer functions from STF adapter
1040, e.g., as described above.

In one example, the bright transfer functions may include
acoustic transfer functions between the plurality of acoustic
transducers 1008 and a personal sound zone q, and the dark
acoustic transfer functions may include acoustic transfer
functions between the plurality of acoustic transducers 1008
and one or more monitoring locations outside the personal
sound zone q, e.g., as described above.

In some demonstrative embodiments, as indicated at
block 1018, controller 1020 may determine a set of weight
vectors corresponding to the personal sound zone q, for
example, based on Equation 13, e.g., as described above.

Reference is made to FIG. 11, which schematically illus-
trates a frequency selector 1150, in accordance with some
demonstrative embodiments. For example, controller 120
(FIG. 1) may be configured to perform one or more opera-
tions or functionalities of frequency selector 1150.

In some demonstrative embodiments, as shown in FIG.
11, frequency selector 1150 may be configured to determine
a plurality of selected frequencies 1112, e.g., the plurality of
selected frequencies 1052 (FIG. 10), to be included in a
sound control pattern, e.g., sound control pattern 1032 (FIG.
10).

In some demonstrative embodiments, as shown in FIG.
11, frequency selector 1150 may select the plurality of
selected frequencies 1112 from a frequency spectrum, for
example, based on environment acoustic information 1111
and an audio input 1117.

In some demonstrative embodiments, as shown in FIG.
11, frequency selector 1150 may determine the plurality of
selected frequencies 1112 based on projected audio 1119 and
projected environment sound 1113, e.g., as described above.

In some demonstrative embodiments, as shown in FIG.
11, the projected audio 1119 may be based on a projection
1131 of the audio input 1117 by a transfer function from the
plurality of transducers 1008 (FIG. 10) to the personal sound
zone q, e.g., as described above.

In some demonstrative embodiments, as shown in FIG.
11, the projected environment sound 1113 may be based on
a projection 1133 of the environment acoustic sound 1111 by
a transfer function from a plurality of predefined environ-
ment locations, e.g., the plurality of environment locations
205 (FIG. 1), to the personal sound zone q, e.g., as described
above.
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In some demonstrative embodiments, as shown in FIG.
11, frequency selector 1150 may generate the projected
environment sound 1113 in a frequency domain, for
example, using an FFT 1115.

In some demonstrative embodiments, as shown in FIG.
11, frequency selector 1150 may generate the projected
audio 1119 in a frequency domain, for example, using an
FFT 1118.

In some demonstrative embodiments, as indicated at
block 1124, frequency selector 1150 may determine whether
a particular frequency Wk is to be included in the plurality
of selected frequencies 1112, for example, based on whether
or not a difference between the projected audio 1119 at the
particular frequency and the projected environment sound
1113 at the particular frequency is greater than a predefined
threshold.

some demonstrative embodiments, as indicated at block
1126, frequency selector 1150 may add the particular fre-
quency Wk to the plurality of selected frequencies 1112, for
example, when the difference between the projected audio
1119 at the particular frequency and the projected environ-
ment sound 1113 at the particular frequency is greater than
the predefined threshold.

Reference is made to FIG. 12, which schematically illus-
trates an STF adapter 1240, in accordance with some
demonstrative embodiments. For example, controller 120
(FIG. 1) may be configured to perform one or more opera-
tions or functionalities of frequency selector STF adapter
1240.

In some demonstrative embodiments, as shown in FIG.
12, STF adapter 1240 may be configured to process acoustic
sound 1213 sensed by a monitoring microphone 1210, for
example, at a monitoring sensing location, which may be
defined within the personal sound zone g, e.g., as described
above.

In some demonstrative embodiments, as shown in FIG.
12, STF adapter 1240 may be configured to dynamically
adjust acoustic transfer functions 1214 between the plurality
of acoustic transducers 1008 (FIG. 10) and the monitoring
sensing location within the personal sound zone q, for
example, based on audio input 1217 from the plurality of
acoustic transducers 1008 (FIG. 10).

In some demonstrative embodiments, as shown in FIG.
12, STF adapter 1240 may be configured to adapt the
acoustic transfer functions 1214, for example, based on a
comparison between the acoustic sound 1213 sensed by the
monitoring microphone 1210 at the monitoring sensing
location and a result of applying the determined acoustic
transfer functions 1214 to the audio input 1217, e.g., as
described above.

Reference is made to FIG. 13, which schematically illus-
trates a sound control pattern generator 1330, in accordance
with some demonstrative embodiments. For example, con-
troller 120 (FIG. 1) may be configured to perform one or
more operations or functionalities of sound control pattern
generator 1330.

In some demonstrative embodiments, as shown in FIG.
13, sound control pattern generator 1330 may process an
audio input 1317, e.g., after an FFT operation 1319, and may
generate a sound control pattern including a plurality of
sound control signals 1325, to be provided to drive a
respective plurality of acoustic transducers 1308, e.g., as
described below.

For example, as shown in FIG. 13, sound control pattern
generator 1330 may generate M sound control signals 1325
to drive a respective plurality of M acoustic transducers
1308, e.g., transducers 108 (FIG. 1).
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In some demonstrative embodiments, as indicated at
blocks 1321 and 1323, sound control pattern generator 1330
may generate the plurality of sound control signals 1325 by
iterating over frequencies W of the plurality of selected
frequencies 1052 (FIG. 10), e.g., as described above.

In some demonstrative embodiments, as shown in FIG.
13, sound control pattern generator 1330 may generate the
plurality of sound control signals 1325 based on a plurality
of weight vectors 1327 corresponding to the plurality of
acoustic transducers 1308 for a personal sound zone g, e.g.,
as described above.

In some demonstrative embodiments, a weight vector
1327 for an acoustic transducer 1308 for the personal sound
zone q may be based, for example, on an acoustic transfer
function between the acoustic transducer 1308 and the
personal sound zone q, e.g., as described above.

In some demonstrative embodiments, as shown in FIG.
13, sound control pattern generator 1330 may generate the
plurality of sound control signals 1325 by multiplying the
plurality of weight vectors 1327 by the audio input 1317 at
the particular frequency w, for example, according to Equa-
tion 14, e.g., as described above.

In some demonstrative embodiments, as shown in FIG.
13, sound control pattern generator 1330 may perform an
IFFT operation 1329 on the plurality of sound control
signals 1325, for example, to convert the sound control
signals 1325 from the frequency-domain to the time-do-
main.

In some demonstrative embodiments, as shown in FIG.
13, sound control pattern generator 1330 may provide the
plurality of sound control signals 1325, for example, to the
plurality of acoustic transducers 1308.

Reference is made to FIG. 14, which schematically illus-
trates a vehicle 1400, in accordance with some demonstra-
tive embodiments.

In one example, vehicle 1440 may include alone or more
elements and/or components of system 100 (FIG. 1), for
example, for controlling sound within one or more personal
sound zones within vehicle 1400.

In some demonstrative embodiments, as shown in FIG.
14, vehicle 1400 may include a plurality of speakers 1408,
a plurality of monitoring microphones 1412, and a plurality
of environments microphones 1410.

In some demonstrative embodiments, vehicle 1400 may
include controller 120 (FIG. 1) configured to control the
plurality of speakers 1408 to provide a first personal sound
zone 1420 for a driver of the vehicle 1400, e.g., at a location
of a headrest of a driver seat.

In some demonstrative embodiments, controller 120
(FIG. 1) may be configured to control the plurality of
speakers 1408 to provide a second personal sound zone
1420, for example, for a passenger, e.g., at a front seat near
the driver seat, for example, at a location of a headrest of the
passenger seat.

In some demonstrative embodiments, as shown in FIG.
14, the plurality of monitoring microphones 1412 may be
located within the first and second personal sounds zones
1420 and 1430.

In some demonstrative embodiments, as shown in FIG.
14, the plurality of environment microphones 1410 may be
located in an environment outside the personal sounds zones
1420 and 1430.

In other embodiments, vehicle 1400 may include any
other number of the plurality of speakers 1408, the plurality
of monitoring microphones 1412, and/or the plurality of
environment microphones 1410, any other arrangement,
positions and/or locations of the plurality of speakers 1408,
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the plurality of monitoring microphones 1412, and/or the
plurality of environment microphones 1410, and/or any
other additional or alternative components.

Reference is made to FIG. 15, which schematically illus-
trates a controller 1520 including an ANC mechanism, in
accordance with some demonstrative embodiments. For
example, controller 120 (FIG. 1) may include, perform the
role of, perform the functionality of, perform the role of,
and/or perform one or more operations of controller 1520.

In some demonstrative embodiments, as shown in FIG.
15, controller 1520 may include an ANC controller 1560,
configured to reduce residual noise from outside of the one
or more personal sound zones, e.g., as described below.

In some demonstrative embodiments, as shown in FIG.
15, controller 1520 may determine a sound control pattern
1523 to be provided to a plurality of acoustic transducers
1508, for example, by combining an output 1566 of ANC
controller 1560 with an output of a sound control pattern
generator 1430, e.g., sound control pattern generator 1330
(FIG. 13).

In some demonstrative embodiments, as shown in FIG.
15, ANC controller 1560 may generate output 1566, for
example, based on one or more audio inputs 1517, and based
on one or more ANC acoustic sensor inputs 1562.

In some demonstrative embodiments, the ANC acoustic
sensor inputs 1562 from a personal sound zone may be from
one or more sensing locations, which are outside of the
personal sound zone. For example, one or more the ANC
acoustic sensor inputs 1562 may be from one or more
locations around the personal sound zone, e.g., on a perim-
eter of and/or at a vicinity of, the personal sound zone. In
another example, one or more the ANC acoustic sensor
inputs 1562 may be from one or more other personal sound
zones and/or at any other locations in the environment.

In some demonstrative embodiments, controller 1520
may be configured to sum one or more outputs, e.g., all of
the outputs, of output 1566 of the ANC controller 1560 and
one or more, e.g., all, of a plurality of sound control signals
of the sound control pattern 1523.

In one example, left seat headrest speakers of a left seat
in a vehicle, e.g., vehicle 1440 (FIG. 14), may be used for
left seat PSB, as well as for ANC, for example, to reduce the
audio transmitted to right seat headrest speakers of a right
seat in the vehicle, for example, to achieve a PSB for the
right seat, and/or vice versa, e.g., with respect to the left seat
PSB.

In some demonstrative embodiments, incorporating
active noise control technology together with the PSB
technology may enable to improve PSB performance, for
example, by using ANC controller 1560 to reduce leftover
undesired sounds in the personal sound bubble, which may
originate, for example, from other personal sound bubbles.

In some demonstrative embodiments, audio streams of
audio streams 1517, which may be sent to the ANC con-
troller 1560, e.g., as reference to the ANC controller 1560,
may be reduced in zones were those streams are not wanted.

Reference is made to FIG. 16, which schematically illus-
trates a method of sound control, in accordance with some
demonstrative embodiments. For example, one or more
operations of the method of FIG. 16 may be performed by
one or more elements of a sound control system, e.g., sound
control system 100 (FIG. 1), a sound controller, e.g., sound
controller 102 (FIG. 1), and/or a controller, e.g., controller
120 (FIG. 1), and/or any other component of a sound control
system.

As indicated at block 1602, the method may include
receiving one or more audio inputs to be heard in one or
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more personal sound zones, and a plurality of monitoring
inputs, wherein the plurality of monitoring inputs represent
acoustic sound at a plurality of predefined monitoring sens-
ing locations, which are defined within the one or more
personal sound zones. For example, controller 120 (FIG. 1)
may receive the one or more audio inputs 117 (FIG. 1) to be
heard in one or more personal sound zones, and the plurality
of monitoring inputs 113 that representing the acoustic
sound at the plurality of predefined monitoring sensing
locations 207 (FIG. 2), which may be defined within the one
or more personal sound zones, e.g., as described above.

As indicated at block 1604, the method may include
determining a sound control pattern based on the one or
more audio inputs, and the plurality of monitoring inputs,
the sound control pattern including a plurality of sound
control signals configured to drive a respective plurality of
acoustic transducers such that the one or more audio inputs
are to be heard in the one or more personal sound zones. For
example, controller 120 (FIG. 1) may determine the sound
control pattern 123 (FIG. 1) based on the one or more audio
inputs 117 (FIG. 1), and the plurality of monitoring inputs
113 (FIG. 1), the sound control pattern 123 (FIG. 1) includ-
ing the plurality of sound control signals configured to drive
the respective plurality of acoustic transducers 108 (FIG. 1)
such that the one or more audio inputs 117 (FIG. 1) are to
be heard in the one or more personal sound zones, e.g., as
described above.

As indicated at block 1608 the method may include
outputting the plurality of sound control signals to the
plurality of acoustic transducers. For example, controller
120 (FIG. 1) may output the plurality of sound control
signals to the plurality of acoustic transducers 108 (FIG. 1),
e.g., as described above.

Reference is made to FIG. 17, which schematically illus-
trates a product of manufacture 1700, in accordance with
some demonstrative embodiments. Product 1700 may
include one or more tangible computer-readable non-tran-
sitory storage media 1702, which may include computer-
executable instructions, e.g., implemented by logic 1704,
operable to, when executed by at least one computer pro-
cessor, enable the at least one computer processor to imple-
ment one or more operations at sound control system 100
(FIG. 1), and/or controller 120 (FIG. 1), and/or to perform,
trigger and/or implement one or more operations, commu-
nications and/or functionalities according to one or more
FIGS. 1-16, and/or one or more operations described herein.
The phrase “non-transitory machine-readable medium” is
directed to include all computer-readable media, with the
sole exception being a transitory propagating signal.

In some demonstrative embodiments, product 1700 and/
or machine-readable storage medium 1702 may include one
or more types of computer-readable storage media capable
of storing data, including volatile memory, non-volatile
memory, removable or non-removable memory, erasable or
non-erasable memory, writeable or re-writeable memory,
and the like. For example, machine-readable storage
medium 1702 may include, RAM, DRAM, Double-Data-
Rate DRAM (DDR-DRAM), SDRAM, static RAM
(SRAM), ROM, programmable ROM (PROM), erasable
programmable ROM (EPROM), electrically erasable pro-
grammable ROM (EEPROM), Compact Disk ROM (CD-
ROM), Compact Disk Recordable (CD-R), Compact Disk
Rewriteable (CD-RW), flash memory (e.g., NOR or NAND
flash memory), content addressable memory (CAM), poly-
mer memory, phase-change memory, ferroelectric memory,
silicon-oxide-nitride-oxide-silicon (SONOS) memory, a
disk, a Solid State Drive (SSD), a floppy disk, a hard drive,
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an optical disk, a magnetic disk, a card, a magnetic card, an
optical card, a tape, a cassette, and the like. The computer-
readable storage media may include any suitable media
involved with downloading or transferring a computer pro-
gram from a remote computer to a requesting computer
carried by data signals embodied in a carrier wave or other
propagation medium through a communication link, e.g., a
modem, radio or network connection.

In some demonstrative embodiments, logic 1704 may
include instructions, data, and/or code, which, if executed by
a machine, may cause the machine to perform a method,
process and/or operations as described herein. The machine
may include, for example, any suitable processing platform,
computing platform, computing device, processing device,
computing system, processing system, computer, processor,
or the like, and may be implemented using any suitable
combination of hardware, software, firmware, and the like.

In some demonstrative embodiments, logic 1704 may
include, or may be implemented as, software, a software
module, an application, a program, a subroutine, instruc-
tions, an instruction set, computing code, words, values,
symbols, and the like. The instructions may include any
suitable type of code, such as source code, compiled code,
interpreted code, executable code, static code, dynamic
code, and the like. The instructions may be implemented
according to a predefined computer language, manner or
syntax, for instructing a processor to perform a certain
function. The instructions may be implemented using any
suitable high-level, low-level, object-oriented, visual, com-
piled and/or interpreted programming language, such as C,
C++, Python, Java, BASIC, Matlab, Pascal, Visual BASIC,
assembly language, machine code, and the like.

EXAMPLES

The following examples pertain to further embodiments.

Example 1 includes an apparatus comprising an input to
receive one or more audio inputs to be heard in one or more
personal sound zones, and a plurality of monitoring inputs,
wherein the plurality of monitoring inputs represent acoustic
sound at a plurality of predefined monitoring sensing loca-
tions, which are defined within the one or more personal
sound zones; a controller configured to determine a sound
control pattern based on the one or more audio inputs, and
the plurality of monitoring inputs, the sound control pattern
comprising a plurality of sound control signals configured to
drive a respective plurality of acoustic transducers such that
the one or more audio inputs are to be heard in the one or
more personal sound zones; and an output to output the
plurality of sound control signals to the plurality of acoustic
transducers.

Example 2 includes the subject matter of Example 1, and
optionally, wherein the input is configured to receive envi-
ronment acoustic information representing environment
acoustic sound at a plurality of predefined environment
locations, which are defined with respect to an environment
including the one or more personal sound zones, the con-
troller configured to determine the sound control pattern
based on the environment acoustic information.

Example 3 includes the subject matter of Example 2, and
optionally, wherein the environment acoustic information
comprises information of acoustic sound sensed by an
acoustic sensor at an environment location of the plurality of
predefined environment locations.

Example 4 includes the subject matter of Example 2 or 3,
and optionally, wherein the environment acoustic informa-
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tion comprises information of at least one of an audio signal,
or acoustic sound generated by a predefined audio source.

Example 5 includes the subject matter of any one of
Examples 2-4, and optionally, wherein the controller is
configured to determine a plurality of selected frequencies to
be included in the sound control pattern, the controller
configured to select the plurality of selected frequencies
from a frequency spectrum based on the environment acous-
tic information and the one or more audio inputs.

Example 6 includes the subject matter of Example 5, and
optionally, wherein the controller is configured to determine
the plurality of selected frequencies based on projected
audio and projected environment sound, the projected audio
is based on a projection of an audio input, which is to be
heard at a personal sound zone, by a transfer function from
the plurality of transducers to the personal sound zone, the
projected environment sound is based on a projection of the
environment acoustic sound by a transfer function from a
plurality of predefined environment locations to the personal
sound zone.

Example 7 includes the subject matter of Example 6, and
optionally, wherein the controller is configured to determine
whether a particular frequency is to be included in the
plurality of selected frequencies based on the projected
audio at the particular frequency and the projected environ-
ment sound at the particular frequency.

Example 8 includes the subject matter of Example 7, and
optionally, wherein the controller is configured to determine
that the particular frequency is to be included in the plurality
of selected frequencies when a difference between the
projected audio at the particular frequency and the projected
environment sound at the particular frequency is greater than
a predefined threshold.

Example 9 includes the subject matter of any one of
Examples 1-8, and optionally, wherein the controller is
configured to determine the plurality of sound control sig-
nals based on one or more sets of weight vectors corre-
sponding to the one or more personal sound zones, respec-
tively, a set of weight vectors corresponding to a personal
sound zone comprising a plurality of weight vectors corre-
sponding to the plurality of acoustic transducers, respec-
tively, a weight vector in the set of weight vectors is based
on an acoustic transfer function between an acoustic trans-
ducer of the plurality of acoustic transducers and the per-
sonal sound zone.

Example 10 includes the subject matter of Example 9, and
optionally, wherein the controller is configured to determine
a sound control signal for a particular acoustic transducer by
applying to an audio input to be heard in the personal sound
zone a weight vector corresponding to the particular acoustic
transducer from the set of weight vectors corresponding to
the personal sound zone.

Example 11 includes the subject matter of Example 9 or
10, and optionally, wherein the controller is configured to
determine the set of weight vectors corresponding to the
personal sound zone based on a first plurality of acoustic
transfer functions and a second plurality of acoustic transfer
functions, the first plurality of acoustic transfer functions
comprising acoustic transfer functions between the plurality
of acoustic transducers and the personal sound zone, the
second plurality of acoustic transfer functions comprising
acoustic transfer functions between the plurality of acoustic
transducers and one or more monitoring locations outside
the personal sound zone.

Example 12 includes the subject matter of Example 11,
and optionally, wherein the controller is configured to adjust
one or more acoustic transfer functions in the first or second
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pluralities of acoustic transfer functions based on environ-
ment acoustic information representing environment acous-
tic sound at a plurality of predefined environment locations,
which are defined with respect to an environment including
the one or more personal sound zones.

Example 13 includes the subject matter of Example 11 or
12, and optionally, wherein the controller is configured to
adjust one or more acoustic transfer functions in the first or
second pluralities of acoustic transfer functions based on a
change in the location of the personal sound zone.

Example 14 includes the subject matter of any one of
Examples 11-13, and optionally, wherein the controller is
configured to adjust one or more acoustic transfer functions
in the first or second pluralities of acoustic transfer functions
based on environment parameter information of one or more
environmental parameters of an environment including the
one or more personal sound zones.

Example 15 includes the subject matter of any one of
Examples 9-14, and optionally, wherein the controller is
configured to determine the set of weight vectors corre-
sponding to the personal sound zone based on a criterion
relating to a contrast between a first acoustic energy and a
second acoustic energy, wherein the first acoustic energy
comprises an acoustic energy at the personal sound zone
based on the set of weight vectors corresponding to the
personal sound zone, wherein the second acoustic energy
comprises an acoustic energy at one or more monitoring
locations outside the personal sound zone based on the set of
weight vectors corresponding to the personal sound zone.

Example 16 includes the subject matter of Example 15,
and optionally, wherein the criterion comprises limiting the
first energy based on a volume at which the audio input is to
be heard in the personal sound zone, and minimizing the
second energy.

Example 17 includes the subject matter of any one of
Examples 9-16, and optionally, wherein the weight vector
comprises a plurality of weights corresponding to a respec-
tive plurality of acoustic frequencies.

Example 18 includes the subject matter of any one of
Examples 1-17, and optionally, wherein the controller is
configured to determine the sound control pattern based on
at least first and second audio inputs, the first audio input for
a first personal sound zone, the second audio input for a
second personal sound zone, wherein the controller is con-
figured to determine the sound control pattern based on a
first plurality of monitoring inputs representing acoustic
sound at a first plurality of monitoring sensing locations,
which are defined within the first personal sound zone, and
a second plurality of monitoring inputs representing acoustic
sound at a second plurality of monitoring sensing locations,
which are defined within the second personal sound zone.

Example 19 includes the subject matter of any one of
Examples 1-18, and optionally, wherein the controller is
configured to determine the sound control pattern based on
an Active Noise Cancellation (ANC) mechanism configured
to reduce residual noise from outside of the one or more
personal sound zones based on the one or more audio inputs
and based on one or more ANC acoustic sensor inputs.

Example 20 includes a system of sound control, the
system comprising a plurality of monitoring acoustic sensors
to sense acoustic sound at a plurality of predefined moni-
toring sensing locations, which are defined within one or
more personal sound zones; a plurality of acoustic transduc-
ers; and a controller to receive one or more audio inputs to
be heard in the one or more personal sound zones, and a
plurality of monitoring inputs from the plurality of moni-
toring acoustic sensors, wherein the plurality of monitoring
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inputs represent the acoustic sound at the plurality of pre-
defined monitoring sensing locations, wherein the controller
is configured to determine a sound control pattern based on
the one or more audio inputs, and the plurality of monitoring
inputs, the sound control pattern comprising a plurality of
sound control signals configured to drive the plurality of
acoustic transducers, respectively, such that the one or more
audio inputs are to be heard in the one or more personal
sound zones.

Example 21 includes the subject matter of Example 20,
and optionally, wherein the controller is configured to
receive environment acoustic information representing envi-
ronment acoustic sound at a plurality of predefined envi-
ronment locations, which are defined with respect to an
environment including the one or more personal sound
zones, the controller configured to determine the sound
control pattern based on the environment acoustic informa-
tion.

Example 22 includes the subject matter of Example 21,
and optionally, wherein the environment acoustic informa-
tion comprises information of acoustic sound sensed by an
acoustic sensor at an environment location of the plurality of
predefined environment locations.

Example 23 includes the subject matter of Example 21 or
22, and optionally, wherein the environment acoustic infor-
mation comprises information of at least one of an audio
signal, or acoustic sound generated by a predefined audio
source.

Example 24 includes the subject matter of any one of
Examples 21-23, and optionally, wherein the controller is
configured to determine a plurality of selected frequencies to
be included in the sound control pattern, the controller
configured to select the plurality of selected frequencies
from a frequency spectrum based on the environment acous-
tic information and the one or more audio inputs.

Example 25 includes the subject matter of Example 24,
and optionally, wherein the controller is configured to deter-
mine the plurality of selected frequencies based on projected
audio and projected environment sound, the projected audio
is based on a projection of an audio input, which is to be
heard at a personal sound zone, by a transfer function from
the plurality of transducers to the personal sound zone, the
projected environment sound is based on a projection of the
environment acoustic sound by a transfer function from a
plurality of predefined environment locations to the personal
sound zone.

Example 26 includes the subject matter of Example 25,
and optionally, wherein the controller is configured to deter-
mine whether a particular frequency is to be included in the
plurality of selected frequencies based on the projected
audio at the particular frequency and the projected environ-
ment sound at the particular frequency.

Example 27 includes the subject matter of Example 26,
and optionally, wherein the controller is configured to deter-
mine that the particular frequency is to be included in the
plurality of selected frequencies when a difference between
the projected audio at the particular frequency and the
projected environment sound at the particular frequency is
greater than a predefined threshold.

Example 28 includes the subject matter of any one of
Examples 20-27, and optionally, wherein the controller is
configured to determine the plurality of sound control sig-
nals based on one or more sets of weight vectors corre-
sponding to the one or more personal sound zones, respec-
tively, a set of weight vectors corresponding to a personal
sound zone comprising a plurality of weight vectors corre-
sponding to the plurality of acoustic transducers, respec-
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tively, a weight vector in the set of weight vectors is based
on an acoustic transfer function between an acoustic trans-
ducer of the plurality of acoustic transducers and the per-
sonal sound zone.

Example 29 includes the subject matter of Example 28,
and optionally, wherein the controller is configured to deter-
mine a sound control signal for a particular acoustic trans-
ducer by applying to an audio input to be heard in the
personal sound zone a weight vector corresponding to the
particular acoustic transducer from the set of weight vectors
corresponding to the personal sound zone.

Example 30 includes the subject matter of Example 28 or
29, and optionally, wherein the controller is configured to
determine the set of weight vectors corresponding to the
personal sound zone based on a first plurality of acoustic
transfer functions and a second plurality of acoustic transfer
functions, the first plurality of acoustic transfer functions
comprising acoustic transter functions between the plurality
of acoustic transducers and the personal sound zone, the
second plurality of acoustic transfer functions comprising
acoustic transfer functions between the plurality of acoustic
transducers and one or more monitoring locations outside
the personal sound zone.

Example 31 includes the subject matter of Example 30,
and optionally, wherein the controller is configured to adjust
one or more acoustic transfer functions in the first or second
pluralities of acoustic transfer functions based on environ-
ment acoustic information representing environment acous-
tic sound at a plurality of predefined environment locations,
which are defined with respect to an environment including
the one or more personal sound zones.

Example 32 includes the subject matter of Example 30 or
31, and optionally, wherein the controller is configured to
adjust one or more acoustic transfer functions in the first or
second pluralities of acoustic transfer functions based on a
change in the location of the personal sound zone.

Example 33 includes the subject matter of any one of
Examples 30-32, and optionally, wherein the controller is
configured to adjust one or more acoustic transfer functions
in the first or second pluralities of acoustic transfer functions
based on environment parameter information of one or more
environmental parameters of an environment including the
one or more personal sound zones.

Example 34 includes the subject matter of any one of
Examples 28-33, and optionally, wherein the controller is
configured to determine the set of weight vectors corre-
sponding to the personal sound zone based on a criterion
relating to a contrast between a first acoustic energy and a
second acoustic energy, wherein the first acoustic energy
comprises an acoustic energy at the personal sound zone
based on the set of weight vectors corresponding to the
personal sound zone, wherein the second acoustic energy
comprises an acoustic energy at one or more monitoring
locations outside the personal sound zone based on the set of
weight vectors corresponding to the personal sound zone.

Example 35 includes the subject matter of Example 34,
and optionally, wherein the criterion comprises limiting the
first energy based on a volume at which the audio input is to
be heard in the personal sound zone, and minimizing the
second energy.

Example 36 includes the subject matter of any one of
Examples 28-35, and optionally, wherein the weight vector
comprises a plurality of weights corresponding to a respec-
tive plurality of acoustic frequencies.

Example 37 includes the subject matter of any one of
Examples 20-36, and optionally, wherein the controller is
configured to determine the sound control pattern based on
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at least first and second audio inputs, the first audio input for
a first personal sound zone, the second audio input for a
second personal sound zone, wherein the controller is con-
figured to determine the sound control pattern based on a
first plurality of monitoring inputs representing acoustic
sound at a first plurality of monitoring sensing locations,
which are defined within the first personal sound zone, and
a second plurality of monitoring inputs representing acoustic
sound at a second plurality of monitoring sensing locations,
which are defined within the second personal sound zone.

Example 38 includes the subject matter of any one of
Examples 20-37, and optionally, wherein the controller is
configured to determine the sound control pattern based on
an Active Noise Cancellation (ANC) mechanism configured
to reduce residual noise from outside of the one or more
personal sound zones based on the one or more audio inputs
and based on one or more ANC acoustic sensor inputs.

Example 39 includes a vehicle comprising one or more
seats; and a sound control system configured to control
sound within one or more personal sound zones defined with
respect to the one or more seats, the sound control system
comprising a plurality of monitoring acoustic sensors to
sense acoustic sound at a plurality of predefined monitoring
sensing locations, which are defined within the one or more
personal sound zones; a plurality of acoustic transducers;
and a controller to receive one or more audio inputs to be
heard in the one or more personal sound zones, and a
plurality of monitoring inputs from the plurality of moni-
toring acoustic sensors, wherein the plurality of monitoring
inputs represent the acoustic sound at the plurality of pre-
defined monitoring sensing locations, wherein the controller
is configured to determine a sound control pattern based on
the one or more audio inputs, and the plurality of monitoring
inputs, the sound control pattern comprising a plurality of
sound control signals configured to drive the plurality of
acoustic transducers, respectively, such that the one or more
audio inputs are to be heard in the one or more personal
sound zones.

Example 40 includes the subject matter of Example 39,
and optionally, wherein the controller is configured to
receive environment acoustic information representing envi-
ronment acoustic sound at a plurality of predefined envi-
ronment locations, which are defined with respect to an
environment including the one or more personal sound
zones, the controller configured to determine the sound
control pattern based on the environment acoustic informa-
tion.

Example 41 includes the subject matter of Example 40,
and optionally, wherein the environment acoustic informa-
tion comprises information of acoustic sound sensed by an
acoustic sensor at an environment location of the plurality of
predefined environment locations.

Example 42 includes the subject matter of Example 40 or
41, and optionally, wherein the environment acoustic infor-
mation comprises information of at least one of an audio
signal, or acoustic sound generated by a predefined audio
source.

Example 43 includes the subject matter of any one of
Examples 40-42, and optionally, wherein the controller is
configured to determine a plurality of selected frequencies to
be included in the sound control pattern, the controller
configured to select the plurality of selected frequencies
from a frequency spectrum based on the environment acous-
tic information and the one or more audio inputs.

Example 44 includes the subject matter of Example 43,
and optionally, wherein the controller is configured to deter-
mine the plurality of selected frequencies based on projected
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audio and projected environment sound, the projected audio
is based on a projection of an audio input, which is to be
heard at a personal sound zone, by a transfer function from
the plurality of transducers to the personal sound zone, the
projected environment sound is based on a projection of the
environment acoustic sound by a transfer function from a
plurality of predefined environment locations to the personal
sound zone.

Example 45 includes the subject matter of Example 44,
and optionally, wherein the controller is configured to deter-
mine whether a particular frequency is to be included in the
plurality of selected frequencies based on the projected
audio at the particular frequency and the projected environ-
ment sound at the particular frequency.

Example 46 includes the subject matter of Example 45,
and optionally, wherein the controller is configured to deter-
mine that the particular frequency is to be included in the
plurality of selected frequencies when a difference between
the projected audio at the particular frequency and the
projected environment sound at the particular frequency is
greater than a predefined threshold.

Example 47 includes the subject matter of any one of
Examples 39-46, and optionally, wherein the controller is
configured to determine the plurality of sound control sig-
nals based on one or more sets of weight vectors corre-
sponding to the one or more personal sound zones, respec-
tively, a set of weight vectors corresponding to a personal
sound zone comprising a plurality of weight vectors corre-
sponding to the plurality of acoustic transducers, respec-
tively, a weight vector in the set of weight vectors is based
on an acoustic transfer function between an acoustic trans-
ducer of the plurality of acoustic transducers and the per-
sonal sound zone.

Example 48 includes the subject matter of Example 47,
and optionally, wherein the controller is configured to deter-
mine a sound control signal for a particular acoustic trans-
ducer by applying to an audio input to be heard in the
personal sound zone a weight vector corresponding to the
particular acoustic transducer from the set of weight vectors
corresponding to the personal sound zone.

Example 49 includes the subject matter of Example 47 or
48, and optionally, wherein the controller is configured to
determine the set of weight vectors corresponding to the
personal sound zone based on a first plurality of acoustic
transfer functions and a second plurality of acoustic transfer
functions, the first plurality of acoustic transfer functions
comprising acoustic transter functions between the plurality
of acoustic transducers and the personal sound zone, the
second plurality of acoustic transfer functions comprising
acoustic transfer functions between the plurality of acoustic
transducers and one or more monitoring locations outside
the personal sound zone.

Example 50 includes the subject matter of Example 49,
and optionally, wherein the controller is configured to adjust
one or more acoustic transfer functions in the first or second
pluralities of acoustic transfer functions based on environ-
ment acoustic information representing environment acous-
tic sound at a plurality of predefined environment locations,
which are defined with respect to an environment including
the one or more personal sound zones.

Example 51 includes the subject matter of Example 49 or
50, and optionally, wherein the controller is configured to
adjust one or more acoustic transfer functions in the first or
second pluralities of acoustic transfer functions based on a
change in the location of the personal sound zone.

Example 52 includes the subject matter of any one of
Examples 49-51, and optionally, wherein the controller is
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configured to adjust one or more acoustic transfer functions
in the first or second pluralities of acoustic transfer functions
based on environment parameter information of one or more
environmental parameters of an environment including the
one or more personal sound zones.

Example 53 includes the subject matter of any one of
Examples 47-52, and optionally, wherein the controller is
configured to determine the set of weight vectors corre-
sponding to the personal sound zone based on a criterion
relating to a contrast between a first acoustic energy and a
second acoustic energy, wherein the first acoustic energy
comprises an acoustic energy at the personal sound zone
based on the set of weight vectors corresponding to the
personal sound zone, wherein the second acoustic energy
comprises an acoustic energy at one or more monitoring
locations outside the personal sound zone based on the set of
weight vectors corresponding to the personal sound zone.

Example 54 includes the subject matter of Example 53,
and optionally, wherein the criterion comprises limiting the
first energy based on a volume at which the audio input is to
be heard in the personal sound zone, and minimizing the
second energy.

Example 55 includes the subject matter of any one of
Examples 47-54, and optionally, wherein the weight vector
comprises a plurality of weights corresponding to a respec-
tive plurality of acoustic frequencies.

Example 56 includes the subject matter of any one of
Examples 39-55, and optionally, wherein the controller is
configured to determine the sound control pattern based on
at least first and second audio inputs, the first audio input for
a first personal sound zone, the second audio input for a
second personal sound zone, wherein the controller is con-
figured to determine the sound control pattern based on a
first plurality of monitoring inputs representing acoustic
sound at a first plurality of monitoring sensing locations,
which are defined within the first personal sound zone, and
a second plurality of monitoring inputs representing acoustic
sound at a second plurality of monitoring sensing locations,
which are defined within the second personal sound zone.

Example 57 includes the subject matter of any one of
Examples 39-56, and optionally, wherein the controller is
configured to determine the sound control pattern based on
an Active Noise Cancellation (ANC) mechanism configured
to reduce residual noise from outside of the one or more
personal sound zones based on the one or more audio inputs
and based on one or more ANC acoustic sensor inputs.

Example 58 includes a method of sound control, the
method comprising processing one or more audio inputs to
be heard in one or more personal sound zones, and a
plurality of monitoring inputs, wherein the plurality of
monitoring inputs represent acoustic sound at a plurality of
predefined monitoring sensing locations, which are defined
within the one or more personal sound zones; determining a
sound control pattern based on the one or more audio inputs,
and the plurality of monitoring inputs, the sound control
pattern comprising a plurality of sound control signals
configured to drive a respective plurality of acoustic trans-
ducers such that the one or more audio inputs are to be heard
in the one or more personal sound zones; and outputting the
plurality of sound control signals to the plurality of acoustic
transducers.

Example 59 includes the subject matter of Example 58,
and optionally, comprising receiving environment acoustic
information representing environment acoustic sound at a
plurality of predefined environment locations, which are
defined with respect to an environment including the one or
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more personal sound zones, and determining the sound
control pattern based on the environment acoustic informa-
tion.

Example 60 includes the subject matter of Example 59,
and optionally, wherein the environment acoustic informa-
tion comprises information of acoustic sound sensed by an
acoustic sensor at an environment location of the plurality of
predefined environment locations.

Example 61 includes the subject matter of Example 59 or
60, and optionally, wherein the environment acoustic infor-
mation comprises information of at least one of an audio
signal, or acoustic sound generated by a predefined audio
source.

Example 62 includes the subject matter of any one of
Examples 59-61, and optionally, comprising determining a
plurality of selected frequencies to be included in the sound
control pattern, and selecting the plurality of selected fre-
quencies from a frequency spectrum based on the environ-
ment acoustic information and the one or more audio inputs.

Example 63 includes the subject matter of Example 62,
and optionally, comprising determining the plurality of
selected frequencies based on projected audio and projected
environment sound, the projected audio is based on a
projection of an audio input, which is to be heard at a
personal sound zone, by a transfer function from the plu-
rality of transducers to the personal sound zone, the pro-
jected environment sound is based on a projection of the
environment acoustic sound by a transfer function from a
plurality of predefined environment locations to the personal
sound zone.

Example 64 includes the subject matter of Example 63,
and optionally, comprising determining whether a particular
frequency is to be included in the plurality of selected
frequencies based on the projected audio at the particular
frequency and the projected environment sound at the par-
ticular frequency.

Example 65 includes the subject matter of Example 64,
and optionally, comprising determining that the particular
frequency is to be included in the plurality of selected
frequencies when a difference between the projected audio
at the particular frequency and the projected environment
sound at the particular frequency is greater than a predefined
threshold.

Example 66 includes the subject matter of any one of
Examples 58-65, and optionally, comprising determining the
plurality of sound control signals based on one or more sets
of weight vectors corresponding to the one or more personal
sound zones, respectively, a set of weight vectors corre-
sponding to a personal sound zone comprising a plurality of
weight vectors corresponding to the plurality of acoustic
transducers, respectively, a weight vector in the set of weight
vectors is based on an acoustic transfer function between an
acoustic transducer of the plurality of acoustic transducers
and the personal sound zone.

Example 67 includes the subject matter of Example 66,
and optionally, comprising determining a sound control
signal for a particular acoustic transducer by applying to an
audio input to be heard in the personal sound zone a weight
vector corresponding to the particular acoustic transducer
from the set of weight vectors corresponding to the personal
sound zone.

Example 68 includes the subject matter of Example 66 or
67, and optionally, comprising determining the set of weight
vectors corresponding to the personal sound zone based on
a first plurality of acoustic transfer functions and a second
plurality of acoustic transfer functions, the first plurality of
acoustic transfer functions comprising acoustic transfer
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functions between the plurality of acoustic transducers and
the personal sound zone, the second plurality of acoustic
transfer functions comprising acoustic transfer functions
between the plurality of acoustic transducers and one or
more monitoring locations outside the personal sound zone.

Example 69 includes the subject matter of Example 68,
and optionally, comprising adjusting one or more acoustic
transfer functions in the first or second pluralities of acoustic
transfer functions based on environment acoustic informa-
tion representing environment acoustic sound at a plurality
of predefined environment locations, which are defined with
respect to an environment including the one or more per-
sonal sound zones.

Example 70 includes the subject matter of Example 68 or
69, and optionally, comprising adjusting one or more acous-
tic transfer functions in the first or second pluralities of
acoustic transfer functions based on a change in the location
of the personal sound zone.

Example 71 includes the subject matter of any one of
Examples 68-70, and optionally, comprising adjusting one
or more acoustic transfer functions in the first or second
pluralities of acoustic transfer functions based on environ-
ment parameter information of one or more environmental
parameters of an environment including the one or more
personal sound zones.

Example 72 includes the subject matter of any one of
Examples 66-71, and optionally, comprising determining the
set of weight vectors corresponding to the personal sound
zone based on a criterion relating to a contrast between a first
acoustic energy and a second acoustic energy, wherein the
first acoustic energy comprises an acoustic energy at the
personal sound zone based on the set of weight vectors
corresponding to the personal sound zone, wherein the
second acoustic energy comprises an acoustic energy at one
or more monitoring locations outside the personal sound
zone based on the set of weight vectors corresponding to the
personal sound zone.

Example 73 includes the subject matter of Example 72,
and optionally, wherein the criterion comprises limiting the
first energy based on a volume at which the audio input is to
be heard in the personal sound zone, and minimizing the
second energy.

Example 74 includes the subject matter of any one of
Examples 66-73, and optionally, wherein the weight vector
comprises a plurality of weights corresponding to a respec-
tive plurality of acoustic frequencies.

Example 75 includes the subject matter of any one of
Examples 58-74, and optionally, comprising determining the
sound control pattern based on at least first and second audio
inputs, the first audio input for a first personal sound zone,
the second audio input for a second personal sound zone,
and determining the sound control pattern based on a first
plurality of monitoring inputs representing acoustic sound at
a first plurality of monitoring sensing locations, which are
defined within the first personal sound zone, and a second
plurality of monitoring inputs representing acoustic sound at
a second plurality of monitoring sensing locations, which
are defined within the second personal sound zone.

Example 76 includes the subject matter of any one of
Examples 58-75, and optionally, comprising determining the
sound control pattern based on an Active Noise Cancellation
(ANC) mechanism configured to reduce residual noise from
outside of the one or more personal sound zones based on
the one or more audio inputs and based on one or more ANC
acoustic sensor inputs.

Example 77 includes a product comprising one or more
tangible computer-readable non-transitory storage media
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comprising computer-executable instructions operable to,
when executed by at least one processor, enable the at least
one processor to cause a system of sound control to process
one or more audio inputs to be heard in one or more personal
sound zones, and a plurality of monitoring inputs, wherein
the plurality of monitoring inputs represent acoustic sound at
a plurality of predefined monitoring sensing locations,
which are defined within the one or more personal sound
zones; determine a sound control pattern based on the one or
more audio inputs, and the plurality of monitoring inputs,
the sound control pattern comprising a plurality of sound
control signals configured to drive a respective plurality of
acoustic transducers such that the one or more audio inputs
are to be heard in the one or more personal sound zones; and
output the plurality of sound control signals to the plurality
of acoustic transducers.

Example 78 includes the subject matter of Example 77,
and optionally, wherein the instructions, when executed,
cause the system of sound control to receive environment
acoustic information representing environment acoustic
sound at a plurality of predefined environment locations,
which are defined with respect to an environment including
the one or more personal sound zones, and to determine the
sound control pattern based on the environment acoustic
information.

Example 79 includes the subject matter of Example 78,
and optionally, wherein the environment acoustic informa-
tion comprises information of acoustic sound sensed by an
acoustic sensor at an environment location of the plurality of
predefined environment locations.

Example 80 includes the subject matter of Example 78 or
79, and optionally, wherein the environment acoustic infor-
mation comprises information of at least one of an audio
signal, or acoustic sound generated by a predefined audio
source.

Example 81 includes the subject matter of any one of
Examples 78-80, and optionally, wherein the instructions,
when executed, cause the system of sound control to deter-
mine a plurality of selected frequencies to be included in the
sound control pattern, and to select the plurality of selected
frequencies from a frequency spectrum based on the envi-
ronment acoustic information and the one or more audio
inputs.

Example 82 includes the subject matter of Example 81,
and optionally, wherein the instructions, when executed,
cause the system of sound control to determine the plurality
of selected frequencies based on projected audio and pro-
jected environment sound, the projected audio is based on a
projection of an audio input, which is to be heard at a
personal sound zone, by a transfer function from the plu-
rality of transducers to the personal sound zone, the pro-
jected environment sound is based on a projection of the
environment acoustic sound by a transfer function from a
plurality of predefined environment locations to the personal
sound zone.

Example 83 includes the subject matter of Example 82,
and optionally, wherein the instructions, when executed,
cause the system of sound control to determine whether a
particular frequency is to be included in the plurality of
selected frequencies based on the projected audio at the
particular frequency and the projected environment sound at
the particular frequency.

Example 84 includes the subject matter of Example 83,
and optionally, wherein the instructions, when executed,
cause the system of sound control to determine that the
particular frequency is to be included in the plurality of
selected frequencies when a difference between the pro-
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jected audio at the particular frequency and the projected
environment sound at the particular frequency is greater than
a predefined threshold.

Example 85 includes the subject matter of any one of
Examples 77-84, and optionally, wherein the instructions,
when executed, cause the system of sound control to deter-
mine the plurality of sound control signals based on one or
more sets of weight vectors corresponding to the one or
more personal sound zones, respectively, a set of weight
vectors corresponding to a personal sound zone comprising
a plurality of weight vectors corresponding to the plurality
of acoustic transducers, respectively, a weight vector in the
set of weight vectors is based on an acoustic transfer
function between an acoustic transducer of the plurality of
acoustic transducers and the personal sound zone.

Example 86 includes the subject matter of Example 85,
and optionally, wherein the instructions, when executed,
cause the system of sound control to determine a sound
control signal for a particular acoustic transducer by apply-
ing to an audio input to be heard in the personal sound zone
a weight vector corresponding to the particular acoustic
transducer from the set of weight vectors corresponding to
the personal sound zone.

Example 87 includes the subject matter of Example 85 or
86, and optionally, wherein the instructions, when executed,
cause the system of sound control to determine the set of
weight vectors corresponding to the personal sound zone
based on a first plurality of acoustic transfer functions and a
second plurality of acoustic transfer functions, the first
plurality of acoustic transfer functions comprising acoustic
transfer functions between the plurality of acoustic trans-
ducers and the personal sound zone, the second plurality of
acoustic transfer functions comprising acoustic transfer
functions between the plurality of acoustic transducers and
one or more monitoring locations outside the personal sound
zone.

Example 88 includes the subject matter of Example 87,
and optionally, wherein the instructions, when executed,
cause the system of sound control to adjust one or more
acoustic transfer functions in the first or second pluralities of
acoustic transfer functions based on environment acoustic
information representing environment acoustic sound at a
plurality of predefined environment locations, which are
defined with respect to an environment including the one or
more personal sound zones.

Example 89 includes the subject matter of Example 87 or
88, and optionally, wherein the instructions, when executed,
cause the system of sound control to adjust one or more
acoustic transfer functions in the first or second pluralities of
acoustic transfer functions based on a change in the location
of the personal sound zone.

Example 90 includes the subject matter of any one of
Examples 87-89, and optionally, wherein the instructions,
when executed, cause the system of sound control to adjust
one or more acoustic transfer functions in the first or second
pluralities of acoustic transfer functions based on environ-
ment parameter information of one or more environmental
parameters of an environment including the one or more
personal sound zones.

Example 91 includes the subject matter of any one of
Examples 85-90, and optionally, wherein the instructions,
when executed, cause the system of sound control to deter-
mine the set of weight vectors corresponding to the personal
sound zone based on a criterion relating to a contrast
between a first acoustic energy and a second acoustic energy,
wherein the first acoustic energy comprises an acoustic
energy at the personal sound zone based on the set of weight
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vectors corresponding to the personal sound zone, wherein
the second acoustic energy comprises an acoustic energy at
one or more monitoring locations outside the personal sound
zone based on the set of weight vectors corresponding to the
personal sound zone.

Example 92 includes the subject matter of Example 91,
and optionally, wherein the criterion comprises limiting the
first energy based on a volume at which the audio input is to
be heard in the personal sound zone, and minimizing the
second energy.

Example 93 includes the subject matter of any one of
Examples 85-92, and optionally, wherein the weight vector
comprises a plurality of weights corresponding to a respec-
tive plurality of acoustic frequencies.

Example 94 includes the subject matter of any one of
Examples 77-93, and optionally, wherein the instructions,
when executed, cause the system of sound control to deter-
mine the sound control pattern based on at least first and
second audio inputs, the first audio input for a first personal
sound zone, the second audio input for a second personal
sound zone, and to determine the sound control pattern
based on a first plurality of monitoring inputs representing
acoustic sound at a first plurality of monitoring sensing
locations, which are defined within the first personal sound
zone, and a second plurality of monitoring inputs represent-
ing acoustic sound at a second plurality of monitoring
sensing locations, which are defined within the second
personal sound zone.

Example 95 includes the subject matter of any one of
Examples 77-94, and optionally, wherein the instructions,
when executed, cause the system of sound control to deter-
mine the sound control pattern based on an Active Noise
Cancellation (ANC) mechanism configured to reduce
residual noise from outside of the one or more personal
sound zones based on the one or more audio inputs and
based on one or more ANC acoustic sensor inputs.

Example 96 includes a apparatus of sound control, the
apparatus comprising means for processing one or more
audio inputs to be heard in one or more personal sound
zones, and a plurality of monitoring inputs, wherein the
plurality of monitoring inputs represent acoustic sound at a
plurality of predefined monitoring sensing locations, which
are defined within the one or more personal sound zones;
means for determining a sound control pattern based on the
one or more audio inputs, and the plurality of monitoring
inputs, the sound control pattern comprising a plurality of
sound control signals configured to drive a respective plu-
rality of acoustic transducers such that the one or more audio
inputs are to be heard in the one or more personal sound
zones; and means for outputting the plurality of sound
control signals to the plurality of acoustic transducers.

Example 97 includes the subject matter of Example 96,
and optionally, comprising means for receiving environment
acoustic information representing environment acoustic
sound at a plurality of predefined environment locations,
which are defined with respect to an environment including
the one or more personal sound zones, and determining the
sound control pattern based on the environment acoustic
information.

Example 98 includes the subject matter of Example 97,
and optionally, wherein the environment acoustic informa-
tion comprises information of acoustic sound sensed by an
acoustic sensor at an environment location of the plurality of
predefined environment locations.

Example 99 includes the subject matter of Example 97 or
98, and optionally, wherein the environment acoustic infor-
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mation comprises information of at least one of an audio
signal, or acoustic sound generated by a predefined audio
source.

Example 100 includes the subject matter of any one of
Examples 97-99, and optionally, comprising means for
determining a plurality of selected frequencies to be
included in the sound control pattern, and selecting the
plurality of selected frequencies from a frequency spectrum
based on the environment acoustic information and the one
or more audio inputs.

Example 101 includes the subject matter of Example 100,
and optionally, comprising means for determining the plu-
rality of selected frequencies based on projected audio and
projected environment sound, the projected audio is based
on a projection of an audio input, which is to be heard at a
personal sound zone, by a transfer function from the plu-
rality of transducers to the personal sound zone, the pro-
jected environment sound is based on a projection of the
environment acoustic sound by a transfer function from a
plurality of predefined environment locations to the personal
sound zone.

Example 102 includes the subject matter of Example 101,
and optionally, comprising means for determining whether a
particular frequency is to be included in the plurality of
selected frequencies based on the projected audio at the
particular frequency and the projected environment sound at
the particular frequency.

Example 103 includes the subject matter of Example 102,
and optionally, comprising means for determining that the
particular frequency is to be included in the plurality of
selected frequencies when a difference between the pro-
jected audio at the particular frequency and the projected
environment sound at the particular frequency is greater than
a predefined threshold.

Example 104 includes the subject matter of any one of
Examples 96-103, and optionally, comprising means for
determining the plurality of sound control signals based on
one or more sets of weight vectors corresponding to the one
or more personal sound zones, respectively, a set of weight
vectors corresponding to a personal sound zone comprising
a plurality of weight vectors corresponding to the plurality
of acoustic transducers, respectively, a weight vector in the
set of weight vectors is based on an acoustic transfer
function between an acoustic transducer of the plurality of
acoustic transducers and the personal sound zone.

Example 105 includes the subject matter of Example 104,
and optionally, comprising means for determining a sound
control signal for a particular acoustic transducer by apply-
ing to an audio input to be heard in the personal sound zone
a weight vector corresponding to the particular acoustic
transducer from the set of weight vectors corresponding to
the personal sound zone.

Example 106 includes the subject matter of Example 104
or 105, and optionally, comprising means for determining
the set of weight vectors corresponding to the personal
sound zone based on a first plurality of acoustic transfer
functions and a second plurality of acoustic transfer func-
tions, the first plurality of acoustic transfer functions com-
prising acoustic transfer functions between the plurality of
acoustic transducers and the personal sound zone, the sec-
ond plurality of acoustic transfer functions comprising
acoustic transfer functions between the plurality of acoustic
transducers and one or more monitoring locations outside
the personal sound zone.

Example 107 includes the subject matter of Example 106,
and optionally, comprising means for adjusting one or more
acoustic transfer functions in the first or second pluralities of
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acoustic transfer functions based on environment acoustic
information representing environment acoustic sound at a
plurality of predefined environment locations, which are
defined with respect to an environment including the one or
more personal sound zones.

Example 108 includes the subject matter of Example 106
or 107, and optionally, comprising means for adjusting one
or more acoustic transfer functions in the first or second
pluralities of acoustic transfer functions based on a change
in the location of the personal sound zone.

Example 109 includes the subject matter of any one of
Examples 106-108, and optionally, comprising means for
adjusting one or more acoustic transfer functions in the first
or second pluralities of acoustic transfer functions based on
environment parameter information of one or more envi-
ronmental parameters of an environment including the one
or more personal sound zones.

Example 110 includes the subject matter of any one of
Examples 104-109, and optionally, comprising means for
determining the set of weight vectors corresponding to the
personal sound zone based on a criterion relating to a
contrast between a first acoustic energy and a second acous-
tic energy, wherein the first acoustic energy comprises an
acoustic energy at the personal sound zone based on the set
of weight vectors corresponding to the personal sound zone,
wherein the second acoustic energy comprises an acoustic
energy at one or more monitoring locations outside the
personal sound zone based on the set of weight vectors
corresponding to the personal sound zone.

Example 111 includes the subject matter of Example 110,
and optionally, wherein the criterion comprises limiting the
first energy based on a volume at which the audio input is to
be heard in the personal sound zone, and minimizing the
second energy.

Example 112 includes the subject matter of any one of
Examples 104-111, and optionally, wherein the weight vec-
tor comprises a plurality of weights corresponding to a
respective plurality of acoustic frequencies.

Example 113 includes the subject matter of any one of
Examples 96-112, and optionally, comprising means for
determining the sound control pattern based on at least first
and second audio inputs, the first audio input for a first
personal sound zone, the second audio input for a second
personal sound zone, and determining the sound control
pattern based on a first plurality of monitoring inputs rep-
resenting acoustic sound at a first plurality of monitoring
sensing locations, which are defined within the first personal
sound zone, and a second plurality of monitoring inputs
representing acoustic sound at a second plurality of moni-
toring sensing locations, which are defined within the sec-
ond personal sound zone.

Example 114 includes the subject matter of any one of
Examples 96-113, and optionally, comprising means for
determining the sound control pattern based on an Active
Noise Cancellation (ANC) mechanism configured to reduce
residual noise from outside of the one or more personal
sound zones based on the one or more audio inputs and
based on one or more ANC acoustic sensor inputs.

Functions, operations, components and/or features
described herein with reference to one or more embodi-
ments, may be combined with, or may be utilized in com-
bination with, one or more other functions, operations,
components and/or features described herein with reference
to one or more other embodiments, or vice versa.

While certain features have been illustrated and described
herein, many modifications, substitutions, changes, and
equivalents may occur to those skilled in the art. It is,
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therefore, to be understood that the appended claims are
intended to cover all such modifications and changes as fall
within the true spirit of the disclosure.

What is claimed is:

1. An apparatus comprising:

an input to receive a first audio input for a first personal
sound zone, a second audio input for a second personal
sound zone, environment information, and monitoring
information, wherein the environment information
comprises information corresponding to an environ-
ment including the first personal sound zone and the
second personal sound zone, wherein the monitoring
information comprises a first plurality of monitoring
inputs representing sound at a first plurality of moni-
toring locations, which are defined within the first
personal sound zone, and a second plurality of moni-
toring inputs representing sound at a second plurality of
monitoring locations, which are defined within the
second personal sound zone;

a controller configured to determine a sound control
pattern based on the first audio input, the second audio
input, the environment information, the first plurality of
monitoring inputs, and the second plurality of moni-
toring inputs, wherein the sound control pattern com-
prises a plurality of sound control signals configured to
drive a respective plurality of acoustic transducers such
that the first audio input is to be heard in the first
personal sound zone; and

an output to output the plurality of sound control signals
to the plurality of acoustic transducers.

2. The apparatus of claim 1, wherein the controller is
configured to determine the sound control pattern such that
the first audio input is to be heard in the first personal sound
zone with a first sound intensity, and such that the first audio
input is not to be heard with more than a second sound
intensity outside the first personal sound zone, wherein the
second sound intensity is less than the first sound intensity.

3. The apparatus of claim 1, wherein the controller is
configured to determine the sound control pattern based on
a criterion relating to a first acoustic energy and a second
acoustic energy, wherein the first acoustic energy comprises
an acoustic energy corresponding to the first audio input
based on the sound control pattern in the first personal sound
zone, wherein the second acoustic energy comprises an
acoustic energy corresponding to the first audio input based
on the sound control pattern at one or more locations outside
the first personal sound zone.

4. The apparatus of claim 3, wherein the criterion com-
prises limiting the first acoustic energy according to a first
energy limit, and limiting the second acoustic energy
according to a second energy limit, wherein the first energy
limit is different from the second energy limit.

5. The apparatus of claim 4, wherein the first energy limit
is greater than the second energy limit.

6. The apparatus of claim 3, wherein the criterion com-
prises limiting the first acoustic energy based on a setting at
which the first audio input is to be heard in the first personal
sound zone.

7. The apparatus of claim 3, wherein the criterion com-
prises limiting the first acoustic energy based on a volume at
which the first audio input is to be heard in the first personal
sound zone.

8. The apparatus of claim 3, wherein the criterion com-
prises minimizing the second acoustic energy.

9. The apparatus of claim 3, wherein the criterion com-
prises limiting the first acoustic energy based on a setting at
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which the first audio input is to be heard in the first personal
sound zone, and minimizing the second acoustic energy.

10. The apparatus of claim 1,

wherein the controller is configured to determine the

sound control pattern such that the first audio input is
to be heard in the first personal sound zone according
to a user preference.

11. The apparatus of claim 1, wherein the controller is
configured to determine the sound control pattern based on
a set of weight vectors corresponding to the first personal
sound zone, the set of weight vectors corresponding to the
first personal sound zone comprising a plurality of weight
vectors corresponding to the plurality of acoustic transduc-
ers, respectively, wherein a weight vector in the set of weight
vectors is based on an acoustic transfer function between an
acoustic transducer of the plurality of acoustic transducers
and the first personal sound zone.

12. The apparatus of claim 11, wherein the weight vector
comprises a plurality of weights corresponding to a respec-
tive plurality of acoustic frequencies.

13. The apparatus of claim 11, wherein the controller is
configured to determine a sound control signal for a par-
ticular acoustic transducer by applying to the first audio
input a weight vector corresponding to the particular acous-
tic transducer from the set of weight vectors corresponding
to the first personal sound zone.

14. The apparatus of claim 11, wherein the controller is
configured to determine the set of weight vectors corre-
sponding to the first personal sound zone based on a first
plurality of acoustic transfer functions and a second plurality
of acoustic transfer functions, wherein the first plurality of
acoustic transfer functions comprises acoustic transfer func-
tions between the plurality of acoustic transducers and the
first personal sound zone, wherein the second plurality of
acoustic transfer functions comprises acoustic transfer func-
tions between the plurality of acoustic transducers and one
or more locations outside the first personal sound zone.

15. The apparatus of claim 14, wherein the controller is
configured to determine one or more acoustic transter func-
tions in at least one of the first plurality of acoustic transfer
functions or the second plurality of acoustic transfer func-
tions based on the environment information.

16. The apparatus of claim 14, wherein the controller is
configured to determine one or more acoustic transter func-
tions in the first plurality of acoustic transfer functions based
on a location of the first personal sound zone.

17. The apparatus of claim 1, wherein the environment
information comprises information of one or more environ-
mental parameters corresponding to one or more environ-
ment locations.

18. The apparatus of claim 1, wherein the environment
information comprises temperature information correspond-
ing to a temperature at one or more environment locations.

19. The apparatus of claim 1, wherein the environment
information comprises information from a vehicular system
of'a vehicle comprising the first personal sound zone and the
second personal sound zone.

20. The apparatus of claim 1, wherein the environment
information comprises environment sound information rep-
resenting environment sound at one or more environment
locations.

21. The apparatus of claim 1, wherein the environment
information comprises information of sound sensed by an
acoustic sensor at an environment location.
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22. The apparatus of claim 1, wherein the environment
information comprises information of at least one of an
audio signal or acoustic sound generated by a predefined
audio source.

23. The apparatus of claim 1, wherein the controller is
configured to identify a plurality of selected frequencies in
a frequency spectrum based on the environment informa-
tion, wherein the controller is configured to determine the
sound control pattern comprising the plurality of selected
frequencies and excluding one or more non-selected fre-
quencies in the frequency spectrum.

24. An apparatus comprising:

an input to receive an audio input to be heard in a personal
sound zone, environment information, and monitoring
information, wherein the environment information
comprises information corresponding to an environ-
ment including the personal sound zone, wherein the
monitoring information comprises a plurality of moni-
toring inputs representing sound at a plurality of moni-
toring locations, which are defined within the personal
sound zone;

a controller configured to determine a sound control
pattern based on the audio input, the environment
information, and the plurality of monitoring inputs,
wherein the sound control pattern comprises a plurality
of sound control signals configured to drive a respec-
tive plurality of acoustic transducers such that the audio
input is to be heard in the personal sound zone, wherein
the controller is configured to identify a plurality of
selected frequencies in a frequency spectrum based on
the environment information, wherein the controller is
configured to identify the plurality of selected frequen-
cies based on projected audio and projected environ-
ment sound, wherein the projected audio is based on a
projection of the audio input by a transfer function from
the plurality of acoustic transducers to the personal
sound zone, wherein the projected environment sound
is based on a projection of environment sound by a
transfer function from one or more environment loca-
tions to the personal sound zone, wherein the controller
is configured to determine the sound control pattern
comprising the plurality of selected frequencies and
excluding one or more non-selected frequencies in the
frequency spectrum; and

an output to output the plurality of sound control signals
to the plurality of acoustic transducers.

25. The apparatus of claim 24, wherein the controller is
configured to determine whether a particular frequency is to
be included in the plurality of selected frequencies or
excluded from the plurality of selected frequencies based on
the projected audio at the particular frequency and the
projected environment sound at the particular frequency.

26. The apparatus of claim 25, wherein the controller is
configured to determine that the particular frequency is to be
included in the plurality of selected frequencies when a
difference between the projected audio at the particular
frequency and the projected environment sound at the par-
ticular frequency is greater than a predefined threshold.

27. The apparatus of claim 1, wherein the controller is
configured to determine the sound control pattern such that
the second audio input is to be heard in the second personal
sound zone.

28. The apparatus of claim 1, wherein the controller is
configured to determine the sound control pattern to focus
the first audio input towards the first personal sound zone
and to focus the second audio input towards the second
personal sound zone.
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29. A system comprising:

a seat; and

a sound control system configured to control sound within

a personal sound zone defined with respect to the seat,

the sound control system comprising:

a plurality of monitoring acoustic sensors to sense
acoustic sound at a plurality of monitoring sensing
locations, which are defined within the personal
sound zone;

a plurality of acoustic transducers; and

a controller configured to determine a sound control
pattern based on an audio input to be heard in the
personal sound zone, environment information, and
monitoring information, wherein the environment
information comprises information corresponding to
an environment including the personal sound zone,
wherein the monitoring information is based on a
plurality of monitoring inputs from the plurality of
monitoring acoustic sensors, wherein the sound con-
trol pattern comprises a plurality of sound control
signals configured to drive the plurality of acoustic
transducers, respectively, such that the audio input is
to be heard in the personal sound zone, wherein the
controller is configured to identify a plurality of
selected frequencies in a frequency spectrum based
on the environment information, wherein the con-
troller is configured to identify the plurality of
selected frequencies based on projected audio and
projected environment sound, wherein the projected
audio is based on a projection of the audio input by
a transfer function from the plurality of acoustic
transducers to the personal sound zone, wherein the
projected environment sound is based on a projection
of environment sound by a transfer function from
one or more environment locations to the personal
sound zone, wherein the controller is configured to
determine the sound control pattern comprising the
plurality of selected frequencies and excluding one
or more non-selected frequencies in the frequency
spectrum.

30. The system of claim 29, wherein the personal sound
zone is configured to surround an area defined with respect
to a headrest of the seat.

31. The system of claim 29 comprising a vehicle.

32. A product comprising one or more tangible computer-
readable non-transitory storage media comprising computer-
executable instructions operable to, when executed by at
least one processor, enable the at least one processor to cause
a system of sound control to:

determine a sound control pattern based on a first audio

input for a first personal sound zone, a second audio

input for a second personal sound zone, environment
information, and monitoring information, wherein the
environment information comprises information corre-
sponding to an environment including the first personal
sound zone and the second personal sound zone,
wherein the monitoring information comprises a first

plurality of monitoring inputs representing sound at a

first plurality of monitoring locations, which are

defined within the first personal sound zone, and a

second plurality of monitoring inputs representing

sound at a second plurality of monitoring locations,
which are defined within the second personal sound

zone, wherein the sound control pattern comprises a

plurality of sound control signals configured to drive a



US 11,842,121 B2
49

respective plurality of acoustic transducers such that
the first audio input is to be heard in the first personal
sound zone; and
output the plurality of sound control signals to the plu-
rality of acoustic transducers. 5
33. The product of claim 32, wherein the instructions,
when executed, cause the system of sound control to deter-
mine the sound control pattern based on a criterion relating
to a first acoustic energy and a second acoustic energy,
wherein the first acoustic energy comprises an acoustic 10
energy corresponding to the first audio input based on the
sound control pattern in the first personal sound zone,
wherein the second acoustic energy comprises an acoustic
energy corresponding to the first audio input based on the
sound control pattern at one or more locations outside the 15
first personal sound zone.
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